US-PAT-NO: 4832916 

DOCUMENT-IDENTIFIER: US 4832916 A 

TITLE: Chromatographic column for immunological determining 
methods 

DATE-ISSUED: May 23, 1989 

US-CL-CURRENT: 422/70,210/656 ,210/658 ,436/541 ,436/807 ,436/810 

APPL-NO: 7/ 018085 

DATE FILED: February 24, 1987 

FORE I GN-APPL- PRIORI T Y- DATA : 

FOREIGN- PRIORITY- APPL-NO: DE 3608883 

FOREIGN- PRIORITY-APPL-DATE: March 17, 1986 
DEPR: 

Whereas in the design of FIG. 1 the sleeve widening of the long 
filter is 

substantially in metal over a relatively short section, for the 
luminescence 

method only a short piece of filter 56, possibly with plastic 
outer sheath, is 

held in for example a long metallic sheath tube 57. A widened 
sleeve 59 

consisting for example of plastic is attached in a similar manner 
to FIG. 1 " 
over the complementary funnel-shaped bottom 58 of the column. 
However, in this 

case the widened sheath/shield 59 extends right to the top at the 
intermediate 

or annular space formed between the inner side of the straight 
column tube and 

the outer side of the funnel-shaped bottom 58 and is contained 
snuggly fitted 

in the latter on slight application pressure. The possibly 
metallic sheath 

tube 57 consisting of galvanized copper for locating the filter 
serves as 

shield. In the illustration the column is cut inclined at the 
bottom to ensure 

in constrained manner a dripping of the liquid possibly present 
only in small 

quantities. Embodiments without a shield 59 are also possible. 
The filter 

paper can also be pressed into the capillary sheath. For 

f luorescence-immunological investigation the reagents are pipette 

into the 

reaction portion 60 of the chromatographic column, including the 
marking 

substance. After setting the reaction equilibrium the 
funnel-shaped bottom of 

the reaction portion is perforated up to the filter paper lying 
closely 
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US-PAT-NO: 5316732 

DOCUMENT-IDENTIFIER: US 5316732 A 
TITLE: Extraction vial 
DATE-ISSUED: May 31, 1994 

US-CL-CURRENT: 422/102,206/438 ,206/570 ,422/101 ,422/99 

,435/287.1 ,435/288.1 

,435/308.1 ,D24/224 ,D9/443 

APPL-NO: 7/ 907359 

DATE FILED: July 1, 1992 

BSPR: 

An alternative to this approach is to utilize extraction or 
pretreatment 

reactions whereby the sample material is added to a liquid 
extracting medium 

such that the sample is brought from its solid or semi-solid form 
to a liquid 

form. Conventionally, this is accomplished by a technician in a 
laboratory 

setting and is carried out in small transfer vessels, whereby the 
extraction 

medium containing the sample is added to the chromatographic 
medium via, e.g., 

a pipette. This scenario raises additional problems, 
particularly in the areas 

of contamination and waste disposal. Such problems are 
particularly relevant 

with respect to the possibility of transfer of communicable 
diseases to the 

technician (s) , as well as the potential for cross-contamination 
of samples. 
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US-PAT-NO: 4 8 63610 

DOCUMENT-IDENTIFIER: US 4863610 A 

TITLE: Scraping, collecting & eluting apparatus for thin layer 

chromatography 

and method for its use 

DATE-ISSUED: September 5, 1989 

US-CL-CURRENT: 210/658,210/198.3 ,210/772 ,422/101 ,422/61 

,422/70 ,436/178 

APPL-NO: 7/ 060402 

DATE FILED: June 11, 1987 

BSPR: 

Glass pasteur pipettes were plugged with cotton or glass wool to 
allow air flow 

but not adsorbent flow through the pipette. The tapered end of 
the pipette was 

used to scrape the adsorbent from the thin layer chromatography 
plate while the 

other end of the pipette was attached to a vacuum tubing. The 
scraped 

adsorbent was aspirated into the pipette and embedded in the 
glass wool or 

cotton. The loss of adsorbent during scraping and collection was 
lessened. 

This decreased the drudgery of the scraping process although the 
lack of 

flexibility in the metal contact with the plate mentioned earlier 
is of equal 

if not greater detriment in the glass to plate contact. 
Additionally, the tip 

of the pipette would easily break if too much pressure was 
applied to the thin 

layer chromatography plate with the pipette, and the small 
diameter of the tip 

opening made scraping slow and tedious because the volume of 

adsorbent removed 

with each pass was very small. 
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therebelow and the liquid reaction mixture flows from above into 
the filter 

column. When this is done the components are separated in that 
the free phase 

is bonded i the upper column portion and the bonded phase, i.e. 
the 

antigen/antibody/complex to be measured, passes through the 
separating column 

and drips down onto the bottom of the test tube where it can thus 
be measured 

by extinction photometry. The shield 59 can be coloured. FIG. 3 
shows an 

embodiment comprising a measuring cuvette 66 which is formed as 
microcuvette 

and in order to be usable for very small amounts of filtered 
liquid has a 

constriction in the lower region 68. Of interest is that the 
same column 7 0 

with practically the same funnel-shaped bottom 72 as described 
with regard to 

FIGS. 1 and 2 fits into said measuring cuvette and is simply 
inserted with its 

lower open end 74. In this case the filter material 76 is 
pressed into a 

plastic sheath 78 which bears closely on the perforable bottom 80 
of the 

funnel-shaped reaction vessel. The reaction vessel can once 
again be sealed by 

a cover 40. As in FIG. 1 the lower end of the sheath tube, in 
this case the 

microcuvette forms the measuring vessel and the column 70 the 
reaction and 

separating vessel. The antigen/antibody/complex can again be 
measured 

photometrically. In this case no separate shield is provided but 
this can be 

done. The microcuvette is a design with particularly small 
bottom 82 for 

measuring technical reasons. 
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US-PAT-NO: 4526686 

DOCUMENT-IDENTIFIER: US 4526686 A 

TITLE: Apparatus for chromatographic sample injection 
DATE-ISSUED: July 2, 1985 

US-CL-CURRENT: 210/198.2,210/198.3 ,96/105 

DISCLAIMER DATE: 20000920 

APPL-NO: 6/ 533899 

DATE FILED: September 20, 1983 

PARENT-CASE: 

This application is a continuation-in-part of U.S. Ser. No. 
304,780, filed 

Sept. 23, 1981, now U.S. Pat. No. 4,405,344 issued Sept. 20, 
1983, the 

disclosure of which is incorporated herein by reference in its 
entirety. 

FORE I GN-APPL- PRIORITY-DATA: 

FOREIGN-PRIORITY-APPL-NO: IT 25018 A/80 
FOREIGN-PRIORITY-APPL-DATE: September 30, 1980 

BSPR: 

The present invention relates to an apparatus to perform sampling 
in 

chromatographic systems with very small amounts of liquid sample, 
said 

apparatus being particularly applicable to high resolution gas 
chromatographic 

systems with cold injection, using capillary or micropacked 
columns, to high 

resolution liquid chromatographic systems, or to thin-layer 
chromatographic 

systems. Use of this apparatus makes it possible to perform 
controllable and 

reproducible sampling on very small amounts of sample, with 
values unattainable 

through the techniques usually employed for liquid sampling in 
chromatographic 

systems and particularly using micro-syringes or pipettes. 
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US-PAT-NO: 4405344 

DOCUMENT- IDENTIFIER: US 4405344 A 

TITLE: Method and equipment for volumetrically controlled and 
reproducible 

introduction of small amounts of liquid samples into 

chromatographic analysis 

systems 

DATE-ISSUED: September 20, 1983 

US-CL-CURRENT: 95/89, 96/105 

APPL-NO: 6/ 304780 

DATE FILED: September 23, 1981 

FORE I GN- AP PL-PRIORITY - DATA : 

FOREIGN-PRIORITY-APPL-NO: IT 25018 A/80 
FOREIGN-PRIORITY-APPL-DATE: September 30, 1980 

BSPR: 

The present invention relates to a method and an apparatus to 
perform sampling 

in chromatographic systems with very small amounts of liquid 
sample, said 

method and said equipment being particularly but not exclusively 
applicable to 

high resolution gas chromatographic systems, with capillary or 
micropacked 

columns, or to thin-layer chromatographic systems. Use of this 
method and 

apparatus makes it possible to perform controllable and 
reproducible sampling 

of very small amounts of sample, with values unattainable through 
the 

techniques usually employed for liquid sampling in 
chromatographic systems and 

particularly using micro-syringes or pipettes. 
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US-PAT-NO: 6190559 

DOCUMENT-IDENTIFIER: US 6190559 Bl 

TITLE: Evaporative packing a capillary columns 

DATE-ISSUED: February 20, 2001 

US-CL-CURRENT: 210/656,210/198.2 ,210/510.1 ,95/82 ,95/88 ,96/101 

APPL-NO: 9/ 365610 

DATE FILED: August 2, 1999 

PARENT-CASE : 

This application is a division of Ser. No. 09/087;202, filed May 
29, 1998, now 

U.S. Pat. No. 5,997,746. 
DEPR: 

Alternatively, the slurry can be transferred from the vessel in 
which it was 

prepared into another vessel, such as a vessel having a conical 
bottom with a 

hole at the apex of the conical bottom, such as is shown in FIG. 
8 . One such 

vessel which can be used in accordance with the invention, is a 
common 

polyethylene pipette tip. In yet another embodiment of the 
invention, a vessel 

having a conical tip with a hole in the apex of the cone and a 
septum in the 

hole can be used. When using such vessels, the capillary tube is 
inserted into 

the slurry through the hole or, if the hole in the vessel is 

equipped with a 

septum, through the septum. 

DEPR: 

A slurry of 5 .mu.m diameter solid glass microspheres was 
prepared by mixing 

0.1 gram of the spheres with 0.5 milliliters of 100% methanol in 
a small (1 ml) 

glass vial. The mixture was stirred thoroughly for 5 minutes, 
ultrasonicated 

for 5 minutes, and then allowed to settle for 2 hours. After 
removing the 

excess solvent above the slurry, which had settled to the bottom 
of the vial, 

approximately 10 .mu.l of slurry was transferred to a 
polyethylene vessel (a 

commercial polyethylene pipette tip) possessing a conical bottom 
having a 0.5 

mm hole at it's apex. The slurry was again allowed to settle for 
approximately 

5 minutes, while holding the pipette tip in the vertical 



01/02/2002, EAST Version: 1.02.0008 



position. 
DEPR: 

Both the slurry-containing vessel and the silica needle were 
mounted 

horizontally on the stage of a standard light microscope and 
viewed at 

100- . times, magnification. The microscope stage had an 
additional translation 

stage that allowed the silica needle to be moved into the hole of 
the pipette 

tip. By moving the tip into brief contact ( . apprxeq. 0 . 5 
seconds), with the 

slurry through the hole, approximately 75-100 microspheres were 
transferred 

into the silica needle. 
DEPR: 

A slurry was prepared as in Example 1. After settling, 100 .mu.l 
of slurry was 

transferred to a polyethylene pipette tip. The tip was held in 
the vertical 

position and the slurry allowed to settle for 15 minutes. 
Settling time was 

monitored with a light microscope to ensure that >95% of the 
material had 

settled out to the bottom of the tip. 
DEPR: 

While left in the vertical position, the silica capillary tube 
was inserted 

approximately 50 .mu.m into the hole at the bottom of the pipette 
tip. The 

dense (nearly opaque) slurry filled the silica tube by capillary 
action. The 

tube was left in contact with the slurry until 15 cm of the tube 
was filled. 

CCXR: 
210/198.2 
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US-PAT-NO: 4526686 

DOCUMENT-IDENTIFIER: US 4526686 A 

TITLE: Apparatus for chromatographic sample injection 
DATE-ISSUED: July 2, 1985 

US-CL-CURRENT: 210/198.2,210/198.3 ,96/105 

DISCLAIMER DATE: 20000920 

APPL-NO: 6/ 533899 

DATE FILED: September 20, 1983 

PARENT-CASE: 

This application is a continuation-in-part of U.S. Ser. No. 
304, 780, filed 

Sept. 23, 1981, now U.S. Pat. No. 4,405,344 issued Sept. 20, 
1983, the 

disclosure of which is incorporated herein by reference in its 
entirety. 

FOREIGN-APPL-PRIORITY-DATA: 

FOREIGN- PRIORITY-APPL-NO: IT 25018 A/80 
FOREIGN- PRIORITY-APPL-DATE: September 30, 1980 

ABPL: 

An apparatus for controllably and reproducibly introducing, small 
amounts of a 

liquid sample into chromatographic systems, especially high 
resolution gas 

chromatographic systems with cold injection, thin-layer 
chromatographic systems 

and high resolution liquid chromatographic systems, in order to 
obtain sampling 

extremely reduced in volume and presenting maximum reliability 
and 

reproducibility, uses a sample container having a pipette-like or 
nozzle-like 

outlet neck of very small diameter. The liquid placed in the 
container is 

submitted to at least one pressure pulse which is controlled in 
duration and/or 

amplitude in order to determine emission of a corresponding and 
controlled 

quantity of liquid from the outlet neck. 
BSPR: 

The present invention relates to an apparatus to perform sampling 
in 

chromatographic systems with very small amounts of liquid sample, 
said 

apparatus being particularly applicable to high resolution gas 
chromatographic 

systems with cold injection, using capillary or micropacked 
columns, to high 
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resolution liquid chromatographic systems, or to thin-layer 
chromatographic 

systems. Use of this apparatus makes it possible to perform 
controllable and 

reproducible sampling on very small amounts of sample, with 
values unattainable 

through the techniques usually employed for liquid sampling in 
chromatographic 

systems and particularly using micro-syringes or pipettes. 
BSPR: 

Both these injection systems use syringes, microsyringes or 
pipettes as will be 
described later on. 

BSPR: 

The microsyringes used in chromatography are generally of the 
type with 

calibrated body (capable of sampling amounts ranging from 0.2 to 
10 

microliters) or of the type with calibrated needle, where the 
piston penetrates 

into the needle. The latter microsyringes are capable of 
handling smaller 

quantities of samples, in a reliable and reproducible way, but 
only within 

certain limits, in particular with lower limits of about 100-200 
nanoliters . 

Below this limit, the high surface tension of the liquid and the 
relatively 

reduced speed of the piston movement do not allow the drop, which 
has formed at 

the needle end, to fall from it, considering the reduced diameter 
of the outlet 

nozzle of the needle. Precision is moreover negatively affected 
by poor 

sealing between piston and calibrated needle. Another known 
system is the 

sampling system commonly used in the laboratory and named 
"pipette system", in 

which a calibrated tubing is filled with a liquid to be 
transferred by filling 

the pipette due to capillary forces or by sucking it into the 
tubing. The 

liquid amount placed in the tubing is retained in the tubing by 
the capillary 

forces or by closing one end when liquid aspiration has been 
carried out. 

Then, an injection of the liquid is made by opening said end or 
pushing the 

liquid by the carrier gas. This sampling method or transfer 
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method of 

determined amounts of liquid is well known and has been used in 
gas 

chromatography too, but however only for quantities usually 
measurable in a 

rather rough way. The literature reports a lower limit of 25-50 
nanoliters 

(see R. Kaiser — Gas Phase Chromatography — Vol. I pp. 
90-95 — Butterworths 

1963 — London) but thise limits are difficult to reach and anyhow 
require small 

tubes filled exclusively due to capillary forces. This implies 
that the volume 

of liquid injection is difficult to control and reproduce. 
BSPR: 

It will be seen from the above comparison that the prior art 
sample injection 

devices operate by controlling sample size in the filling step 
and injecting 

the entire contents of the filled injection system using pressure 
in a 

different way from the way in which it is employed in the present 
invention. 

Even a combination of the cited references would only lead the 
skilled art 

worker to a pipette of the type shown in FIG. 26 or 27 of Kaiser 
which, 

however, is actuated by a pulsed valve. This type of device is 
typical of a 

titration burette which commonly delivers minimum sample 
quantities of 0.1-0.2 

milliliters, and is unable to deliver samples in the picoliter or 

nanoliter 

volume range. 

BSPR: 

a sample container having a volume grater than a desired liquid 
sample volume 

and having a pipette — or nozzle-shaped neck at its outlet, 
terminating in an 

opening with a diameter of 1-100 .mu.m; 
DEPR: 

The apparatus of the invention is based on the use of a container 
for the 

liquid sample which has a volume greater than that of the sample 
to be 

injected, said container being made of any suitable material, for 
instance 

glass, metal, fused silica or any other material, and having a 
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pipette shape, a 

syringe needle shape or any other suitable shape, 
DEPR: 

The essential condition is that said container, as indicated by 
10 or 12 in 

FIG. 1, presents a neck defining an outlet having a maximum size 
(a diameter d 

in this specific case) ranging from 1 to 100 .mu.m, preferably 
between 1 and 30 

.mu.m. Said neck can be nozzle-shaped, as indicated by 14 in 
FIG. 1, and 

therefore has a preferred neck diameter d from 10 to 30 .mu.m, or 
micropipette-shaped, as indicated by 16 in the same FIG. 1, with 
a preferred 

diameter d from 1 to 20 .mu.m. The container, 10 or 12 as 
illustrated in FIG. 

1, can be filled by the usual methods, for instance by means of a 
syringe, by 

gravity, or in any way whatsoever, with a quantity of liquid 18 
which is 

greater than the volume that is required to flow from the neck 14 
or 16 to be 

analyzed in the chromatographic system. Once the container 10 or 
12 has been 

fed with the sample 18, it is necessary to check, especially in 
the case of the 

container 12 with a pipette-like end, that the liquid goes as far 
as to reach 

the neck 14 or 16, forming a meniscus therein. Under these 
conditions , taking 

into account the reduced size of the neck, the surface tension of 
the liquid 

prevents the latter from flowing out of the neck, forming drops, 
this obviously 

provided that the neck 14 or 16 does not touch foreign bodies, 
which may help 

the liquid to flow outside the container. 
CLPV: 

a sample container having a volume greater than a desired liquid 
sample volume 

and having a pipette- or nozzle-shaped neck at its outlet, 
terminating in an 

opening with a diameter of 1-100 .mu.m; 

CCOR: 
210/198.2 
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ABSTRACT 



Method for loading a column with a packing material by 
inserting one end of a column to be packed into a slurry of 
a packing material in a volatile solvent, allowing said slurry 
to be drawn into said end of said column by capillary action, 
withdrawing said end from said slurry, and removing said 
volatile solvent from the slurry that has been drawn into said 
end of said column, through the same end of the column at 
which the slurry entered, and sinteriing. 

5 Claims, 5 Drawing Sheets 
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EVAPORATIVE PACKING OF CAPILLARY 
COLUMNS 

BACKGROUND OF THE INVENTION 

This invention pertains to a novel method of packing 
capillary columns. More particularly, the invention pertains 
to a method of packing capillary columns by drawing a 
slurry of packing material into a capillary column through 
capillary action, and then removing solvent from the slurry 
through one end of the column. 

There are a variety of methods currently in use for 
packing capillary columns, such as those columns used in 
the fields of chromatography and electrospray ionization 
mass spectrometry (ESI-MS). The most popular methods in 
current use are the so-called "slurry packing" methods. 

U.S. Pat. No. 5,679,255 discloses a method whereby a 
retaining material, such as a ceramic frit which will allow 
solvent, but not packing material, to pass is placed in one 
end of the column. A slurry of polymeric packing material 
in an organic solvent, such as THF, is then pumped through 
the column, from the end opposite that having the retaining 
frit. The packing material thereby accumulates in the 
column, while the liquid portion of the slurry passes out 
through the frit. This method has certain disadvantages, 
however. The capillary tubing used must be capable of 
withstanding the pressure generated by the pumping of the 
slurry into the tube, and necessary equipment, such as a 
pump and solvent recovery system must be provided. High 
packing pressure may also cause deterioration of or damage 
to the packing material. 

U.S. Pat. No. 4,483,773 discloses a method wherein an 
end restriction is first placed in a column, to permit the flow 
of solvent, but restrict the passage of particles out of the end 
of the column. A slurry is then caused to flow into the 
column, under pressure. A two-step pressure sequence is 
then used to first fill up the column and form a bed of 
particles and then to uniformly compress the bed. This 
method is less than completely satisfactory, because special 
equipment is required to practice it. 

There is therefore a need for a simple, direct method for 
packing capillary columns, which does not rely on special 
equipment for pumping or pressurizing slurries into the 
columns. 

SUMMARY OF THE INVENTION 

It has now been discovered that a slurry of packing 
material can be drawn up into a capillary column through 
capillary action and that when the solvent in the slurry is 
evaporated out of the slurry through the same end of the 
column through which the slurry entered, the packing that is 
originally suspended in the slurry migrates towards the end 
of the column to become closely packed. 

In accordance with the invention, there is therefore pro- 
vided a method for packing a capillary column which 
comprises forming a slurry of the packing material to be 
packed into the column, placing the slurry in a vessel, 
inserting one end of a capillary column into said slurry in 
said vessel or reservoir, drawing slurry into said column by 
capillary action and removing the solvent from the slurry 
that has been drawn into the column through the same end 
through which it entered the column. Preferably, the solvent 
is removed only from the end through which it entered the 
column, and it is particularly preferable that the solvent be 
removed through only the same end through which it entered 
the column, by evaporation. 
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Finally, after the solvent has been removed from the slurry 
that has been drawn into the column, leaving only the 
packing material that was in the slurry, a portion of the 
packing at the end of the column is optionally sintered. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view of a capillary column 1 the 

end of which is inserted into a supply of slurry 2, which has 

been drawn into the capillary column. 
10 FIG. 2 is a cross sectional view of the capillary column of 

FIG. 1 after evaporation of a part of the solvent from slurry 

2 through the same end of the column through which the 

slurry originally entered the column. 
15 FIG. 3 is a cross sectional view of the capillary column of 

FIG. 2 after further evaporation has taken place. 
FIG. 4 is a cross sectional view of the capillary column of 

FIG. 3, after complete evaporation of the solvent has taken 

place. 

20 FIG. 5 is a photograph of the end of a capillary column 
into which a slurry of packing material has been drawn by 
capillary action. 

FIG. 6. is a photograph of the capillary column of FIG. 5, 
after partial evaporation of the solvent in the slurry has taken 
25 place, out of the end of the column. 

FIG. 7 is a photograph of the capillary column of FIG. 6, 
after further evaporation has taken place. 

FIG. 8 is a cross sectional view of a vessel 3 having a 
conical bottom 4 with a hole 5 into which capillary 1 has 
been inserted whereby slurry 2 is drawn into column 1 by 
capillary action. 

DETAILED DESCRIPTION 

35 The slurry used in accordance with the invention is a 
slurry of a packing material in a volatile solvent. Such 
slurries are prepared by mixing a packing material with a 
solvent. 

The packing materials may be particles of a variety of 
40 shapes, such as spherical, hemispherical, "irregular" 
spheres, rods with aspect ratios of <5:1, fractured "chips" 
(i.e., shapes associated with finely ground materials), pre- 
cipitated crystallites (tiny cubes, prisms, dodecahedral, etc.). 
Spherical or nearly spherical shapes are preferred, however, 
45 since such shapes allow for the most uniform and dense 
packing. The packing materials may be solid, hollow or 
porous such as, for example, solid, hollow or porous 
spheres. 

Preferred packing materials are ceramic, metallic or poly- 
so meric. The ceramic materials which can be used include, for 
example, soda-lime glass, borosilicate glass, porous silica 
(silica gel) and non-porous silica. The metals which can be 
used include, for example, colloidal gold, colloidal silver, 
nickel and stainless steel. The polymeric materials which 
55 can be used include, for example, fluoropolymers, such as 
polyvinylidene fluoride (PVDF), fluorinated ethylene pro- 
pylene (FEP); styrenics, such as polystyrene (PS) and 
polystyrene/divinylbenzene copolymer (PS/DVB); polyo le- 
ans such as high density linear polyethylene (HDPE), low- 
60 density linear polyethylene (LDPE) and polypropylene; 
polyketones, such as polyetheretherketone (PEEK); acrylics, 
such as polymethylmethacrylate (PMMA) and vinyls, such 
as divinylbenzene (DVB). Particularly preferred materials 
are borosilicate glass, silica (both porous silica and non- 
65 porous silica) and PS/DVB copolymer. 

The particles which are used should have dimensions, i.e., 
diameters in the case of spheres, which are smaller than the 
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smallest internal dimension of the column to be used, if the ionization mass spectrometry (ESI-MS). The columns hav- 

columo has an internal shape other than round, or smaller ing tapered ends are also referred to in the art as needles, 

than the internal diameter if the column, if the column to be FIGS. 1-7 illustrate the ends, or tips, of the tapered-end 

used has a round internal shape, and should have maximum columns, also referred to as needles. Where such tapered- 
dimensions, or diameters if spherical, of about x h the small- 5 end columns are used, the end or tip of the column, also 

est internal dimension or diameter of the columns used. In referred to as the end of the needle, which is the end of the 

general, the largest dimensions of non-spherical particles, or c ? lumn where . the packing is to be loaded, has an internal 

the diameters of the spherical particles used, range from dia °) et l r ^angmg from about 1 to about 100 ^ pref- 

about 0.1 m to about 1 mm, although a range of 0.25 /on erabl y * om 5 * 3C ^^ particularly preferably 10 to 20/«n, 
to about250/rai ispreferred; a range of 0.5 to 30 ^m being 10 especially Purred is a diameter of 15 /*m The lengthofthe 

particularly preferred, a range of 1 to 5 pm being especially portion, meaning the length of column over which 

preferred, and a range of 2 to 4 ^m being very especially * e d J iameter ta P er * from the interaal 6um *f of the ™ 

Preferred pered portion or the column to the internal diameter ot the 

_ , , , . , tip ranges from about 0.1 to 10 mm, preferably from 0.25 to 

Tliere are many solvents kriown to the art which can be 3 mm ^ dall preferably from 0.5 to 1.5 mm. 

used to form the slurry. Preferred solvents are methanol, 15 ™ . - . , . . j ■« *u 

« . , / - /™tt^ i.i 11 * The length of the columns to be used will vary with the 

acetone and tetrahydrdrofuran (lHr), although almost any iTj i- n .i_ . c jj' 

, , -\ , ~ v . . *T , . 1 * % contemplated application, as well as the amount of addi- 

volatile solvent can be used. The solvent selected should, or ^ . r \% /. . . # . . . 

1 * mi . 1 11 1 -t uonal packing, if any, which is to be used in combination 

course, be one that will not dissolve, swell or otherwise harm ... t S 1 • cAJ * * . * . * * .u 

. . , , . , tJt _ , . 4 , « .„ with the packing of the present invention. That is to say, the 

the packing material selected, although it should wet the 1 • * .1. . ■ .* 1. j 1 • 

/ rtu -1 • * • 1 on packing of the present invention can be used alone, or in 

surface of the packing material. combination with other packings which can be added to the 

The capillary tubes which are used for the columns are column before or after the present packing. Packed columns 

those known to the art, and can, for example, be those which ^ i engms 0 f 19 meters or more are known (U.S. Pat. No. 

are generally classified as ceramics, such as borosilicate 4,793,920), and such columns can be used in the practice of 

glass, fused-silica, polyimide coated fused-silica and alumi- mis mve ntion, for which the length of the column used is not 

num coated fused-silica; metallic, such as stainless steel, um i te d. As will be understood by those skilled in the art, 

glass lined stainless steel or silica lined stainless steel; or however, the amount of packing that can be packed into a 

they can be of polymeric materials. The polymeric material co lumn using the method of this invention is limited by the 

which can be used include fluoropolymers, such as ethylene capillarity between the slurry of packing material and the 

tetrafluoroethylene (ETFE), fluor mated ethylene propylene capillary column, which results in a specific theoretical 

(FEP) and polytetrafluoroethylene(PTFE); polyolefins, such maxiinum capillary height for each combination of slurry 

as high density linear polyethylene (HDPE), low-density composition and capillary column composition, at given 

linear polyethylene (LDPE) and polypropylene; ambient conditions. The maximum capillary height for any 

polyketones, such as polyetheretherketone (PEEK) and particular application can easily be determined by simply 

silica-lined PEEK; acrylics, such as polymethylmethacrylate msertm g one end of the capillary column into the slurry, and 

(PMMA), polyamides, such as nylon 6, nylon 11 and nylon observing how high into the column the slurry is drawn. 

12; and polyimide. Preferred capillary tubing for use as ^ &{ Qm bc d b CODVcntional mcthods> 

capillary columns m accordance with the mvention are those to ^ $mcd m ^ ^ 0nc sucfa method ^ gim fc 

of] polyamide-coated fused sdica stainless steel, PEEK and mix[ whefein fl ^ mtroduccd mt0 a vcssel> such 

d^ polyimide-coated fused silica is especially ^ as a ^ beakcf Qr a ^ ^ ^ packmg 

pre erre . material, and the contents are then stirred. The capillary tube 

The internal or external shapes of capillary columns used can then be inserted into the thus prepared slurry in the vial, 

in the practice of this invention can take on a variety of De ak cr or flask, whereupon the slurry is drawn into the 

regular geometric shapes, such as round, oval, square, capillary tube by capillary action. The slurries according to 
rectangular, polygonal, such as pentagonal, hexagonal, and 45 mc invention are formed with about 0.002 to 8 grams of 

the like; or can take on irregular shapes. The term "internal packing per ml of solvent, preferably 0.03 to 5 grams of 

shape" of the capillary columns, as used herein, has the same packing per ml of solvent, particularly preferably 0.2 to 1 

meaning as the "bore" of a capillary column. Particularly gram pac king per ml of solvent. 

preferred are those columns having a round internal shape or Alternatively, the slurry can be transferred from the vessel 
oore * 50 in which it was prepared into another vessel, such as a vessel 

The columns used in the practice of the invention, having having a conical bottom with a hole at the apex of the conical 

round internal shapes or bores, have inside diameters in the bottom, such as is shown in FIG. 8. One such vessel which 

range of from about 1 /*m to about 2 mm, preferably 5 to 250 can be used in accordance with the invention, is a common 

^m and particularly preferably 20 to 100 jum. Where col- polyethylene pipette tip. In yet another embodiment of the 
umns having internal shapes other than round are used, their 55 invention, a vessel having a conical tip with a hole in the 

internal cross-sectional areas should be in the same range as apex of the cone and a septum in the hole can be used. When 

that of a column having a round internal shape with a using such vessels, the capillary tube is inserted into the 

diameter in the range of from about 1 /an to about 2 mm, slurry through the hole or, if the hole in the vessel is 

preferably that of a column having a round internal shape equipped with a septum, through the septum, 
with a diameter 5 to 250 /an and particularly preferably that 60 xh e t j me required to draw the slurry into the capillary tube 

of a column having a round internal shape with a diameter by capillary action varies, depending upon a variety of 

20 to 100 /an. factors, such as the dimensions of the packing material, i.e., 

The columns can be of uniform internal dimensions or the diameter of the spherical packing material, as well as the 

diameter over their entire length, such as those typically density of the slurry and the inside diameter of the capillary 
used as chromatography columns, or they can be tapered at 65 tube. In general, however, the slurry will be drawn into the 

one end, so that the internal diameter tapers to a narrow tip capillary virtually instantly upon insertion of the tube into 

or needle, such as those columns used for electrospray the slurry. Depending upon the extent to which it is desired 
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to fill the capillary tube with packing, more or less time will the same end of the column through which the slurry entered 

be required. If it is desired to pack only the tip of the the column. Preferably, the solvent is removed from the 

capillary tube, to form a frit, for example, the desired slurry by evaporation. In conducting the evaporation of the 

amount of packing can be drawn in less than one second. If, solvent, the column can be allowed to stand in ambient air, 

on the other hand, it is desired to fill the column to the 5 for example may exist in a fume hood, or by passing a 

maximum achievable extent, known as the "full capillary stream of a ^ such as ^ r or nitrogen, over the tip of the 

height", several hours may be required. In general, however, end > to accelerate evaporation. The rate of evaporation can 

the desired amount of slurry can be drawn into the capillary be controUed by such factors as the rate of gas which is 

tube in from about 0.1 second to about 2 hours, although in P^ d over tne tl P of th f e u nd of the co,um °' f WeU f ^ 

most cases it will require only from about 0.1 second to io ambic , nt temperate and the temperature of the gas that is 

l * * tl . , .„ r passed over the tip of the end of the column, 

about 30 minutes. The tune required will, of course, vary » ■ A . , A z , , , At _ . At _ , 

depending upon the particular nature of the slurry and that Alternately, the solvent can be i removed through the _end 

t \. .„ u ii *u j • / u - u *u of the column by other means, such as blottmg , by holding 

o the capillary tube, as well as the conditions at which the 4D ^ ^ « membrane^ 

filling is being conducted, such as temperature and pressure. . I . . . r J, . . ' 

auu u • ... ; i t ^ „„. r t . . „ over the end of he column to contact and draw solvent out 

Although it is possible to conduct the filling operation at 15 ^ ^ column 

elevated temperature and either elevated or reduced 0 . n * . „ , 

pressure, satisfactory results are generally obtained at ambi- ' n 0 ° e ^bodunent of the method of the invention, a 

. . „„„.„ i slurry that is close to the theoretical maximum density of 

ent temperature and pressure. /, , , . . , . ' 

.,_ . . ,, particles suspended in a unit volume of solvent is used. In 

Where no septum * used, the hole m the conical bottom such a ^ lhe dense s , when drawn jnt0 , he £nd of the 

of the aforedesenbed vessel should be of such a size that the ™ m ^ ^ remain ^ localj2ed neM the end of 

surface tension of the solvent in the slurry wdl prevent „„. m mbe and> when , he is evaporated> the 

passage of slurry through the hole^ Such holes will range in merliscus packs ^ slurry into a ^ sIug of material . 

size from a diameter of about 0.1 mm to about 3 mm, . t 4 . ... , .„ . , . , 

r li i_ A n i a i ^ "i In yet another embodiment, the capillary tube is pre -filled 

preferably about 03 mm to about 1 mm. ... , . , J - £ , , - r . 

r ' 25 with solvent, and then a portion of the solvent is permitted 

A particular advantage of using such conical bottomed to evaporate, leaving an air gap at the end of the column. The 

vessels is that the slurry, once placed in said vessel, can be e nd with the air gap is then inserted into the slurry, whereby 

allowed to settle, thereby forming a higher concentration of me of slurry tnat fc drawn into the column is limited 

packing per ml of solvent in the bottom of the vessel, and the by lhe ^ gap Detween the entering slurry and the pre-filled 

slurry that is drawn into the capillary tube from the vessel solvent. Then, the solvent, including both the pre-filled 

will thus have a higher concentration of packing than the solvenl and the solvent of the slurry ^ evaporated. As the 

original slurry. solvent evaporates, the meniscus movement packs the pack- 

A further advantage of using a conical bottomed vessel is mg material into a tight porous plug at the end of the tube, 

that, as the slurry settles out in the conical bottom, a Referring now to the drawings, FIG. 1 shows the end tip 

concentration gradient is formed, whereby the concentration 35 of a tapered-end capillary column 1, also referred to as a 

of particles in the solvent gradually increases from the top of nccd | e> of thc prcse ot invention. As shown, the capillary tube 

the vessel to the bottom. The density of the slurry that is ^ inserted into a reservoir of slurry 2, comprising packing 

drawn into a capillary tube inserted into the hole at the apex spheres 6 dispersed in a solvent, and the slurry has been 

of the cone in the conical bottom of the vessel can then be drawn into the tube by capillary action, 

controlled by varying how far the tube sticks up into the 4Q pjQ 2 shows the capillary tube end-tip of FIG. 1, after 

vessel. The closer the end of the capillary tube is to the ia] evaporation of the out of the end-tip. As is 

bottom of the cone, the higher the density of the slurry drawn muslnited , the mea iscus of the surface of the slurry inside 

into the capillary tube will be. me and removed from the e nd tip of the 

In a particularly preferred embodiment, the slurry com- column has moved towards the end tip, as solvent is evapo- 

prises glass microspheres as packing material in methanol as 4S ra t e d from the end tip. As also illustrated, and this is an 

solvent, at concentration of about 0.2 grams of microspheres important feature of the present invention, the meniscus, as 

per ml of methanol. it moves towards the end-tip, brings with it a concentration 

In a particularly preferred embodiment of the invention, of the packing material, so that as the solvent is evaporated 

the packing material in the column is sintered, after the from the end-tip, the slurry concentrates itself towards the 

solvent has been removed. The packing is sintered by 50 end-tip. This is entirely surprising, as the packing material 

applying energy to it. This is done by heating the packing would have been expected to "precipitate out" of the solvent, 

material with a heat source, such as hot air, by laser and be left behind in a dry state, as the volume of solvent 

radiation, microwave heating or a combination of such shrinks towards the end tip. It was not to be expected that the 

heating means. The amount of heat applied is controlled to moving meniscus would actually carry the packing material 

be sufficient to sinter the packing material, while avoiding 55 towards the end-tip, thereby concentrating the packing mate- 

melting it. A sufficient amount of heat must be applied so as rial in the direction of the end tip. It has now been discovered 

to cause the packing material to soften. (For glass, silica or that as the liquid solvent evaporates, the meniscus traveling 

polymeric materials, the glass transition temperature must towards the end of the tube collects and gently forces the 

be reached.) Heating time and temperature must be sufficient packing material towards the end of the tube. The surface 

to cause the particles to fuse together, but not so long or so 60 tension of the liquid/air (or liquid/nitrogen) interface at the 

hot as to eliminate all of the inter-particle spacing and voids. end of the tube is sufficient to hold the packing material in 

Complete melting of the packing material is, of course, to be place in the slurry against this gentle moving force. The tube 

avoided. may optionally be vibrated and/or slowly rotated on its axis 

In the practice of this invention, the slurry is drawn into during the evaporation process to promote dense packing of 

the capillary column, as described above, through capillary 65 the packing material. 

action. Then, the solvent that is in the slurry that has been FIG. 5 is an actual photograph of a capillary tube such as 

drawn into the column is removed from the slurry through that illustrated in FIG. 2. 
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FIG. 3 illustrates the column of FIG. 2 after further silica tubing was cut with a clean square end -face. The slurry 

evaporation has taken place, whereby the concentration of was prepared as in Example 1, but 10 /im highly porous 

the packing material has been further increased and moved spheres of poly (styrene-divinylberi2ene(Poros®, Perspec- 

closer to the end-tip. tive Biosystems 10-R2) were substituted for the glass micro - 

FIG. 6 is an actual photograph of a capillary tube such as 5 spheres. The column was loaded as described in Example 1. 

that illustrated in FIG. 3. The packing was sintered in the same apparatus to form a 

FIG. 4 illustrates the column of FIG. 3 after all of the frit > but the heatin S auditions were 3 seconds at 6.3 watts 

solvent has been evaporated. The packing material illus- EXAMPLE 4 
trated in FIG. 4, with the solvent removed, is ready for 

sintering. io A 25-cm length of 75 ,um ID tubing was cleaved to have 

FIG. 7 is an actual photograph of a capillary tube such as a end-face, 

that illustrated in FIG. 4. A slurry was prepared as in Example 1. After settling, 100 

The method of the present invention can be better under- f& of slurry was transferred to a polyethylene pipette tip. The 

stood by reference to the following example, but is not tip was held in the vertical position and the slurry allowed 

limited thereby. 15 to settle for 15 minutes. Settling time was monitored with a 

light microscope to ensure that >95% of the material had 

EXAMPLE 1 settled out to the bottom of the tip. 

A 10 cm long piece of 360 /<m outside diameter (OD), 75 while Iefl m the vertical position, the silica capillary tube 

jum inside diameter (ID) polyimide coated fused silica tubing was netted approximately 50 /an into the hole at the 

(Polymicro Technologies, Phoenix, Ariz.) was mounted in a 20 bottom of the pipette Up. The dense (nearly opaque) slurry 

commercial laser-heated micropipet puller (Sutter filled the w^atubc by capillary action. The tube was left in 

Instruments, Novato, Calif.) and drawn down into two sharp contact with the slurry until 15 cm of the tube was rilled, 

needles so that the internal diameter at the needle end was Upon removal, the end of the silica tube was brought into 

reduced to 15 ^m. contact with a Nylon filter pad (Milipore Corp.), and 

A slurry of 5 /an diameter solid glass microspheres was 25 mounted horizontally on the stage of a light microscope. The 

prepared by mixing 0.1 gram of the spheres with 0.5 movement of the meniscus and packing of the column was 

milliliters of 100% methanol in a small (1 ml) glass vial. The monitored for approximately 45 minutes. When evaporation 

mixture was stirred thoroughly for 5 minutes, ultrasonicated appeared to be complete, the Nylon filter paper was removed 

for 5 minutes, and then allowed to settle for 2 hours. After and P ackin g material at the end of the tube was sintered into 

removing the excess solvent above the slurry, which had 30 a frit bv heatm g m me heating device described in Example 

settled to the bottom of the vial, approximately 10 fi\ of wth a filament output of 25 watts for 12 seconds, 

slurry was transferred to a polyethylene vessel (a commer- EXAMPLE 5 
cial polyethylene pipette tip) possessing a conical bottom 

having a 0.5 mm hole at it's apex. The slurry was again The procedure of Example 4 was repeated, except that the 

allowed to settle for approximately 5 minutes, while holding 35 filling was accomplished with the tube in the horizontal 

the pipette tip in the vertical position. position. A column with 10 cm of packed material was 

Both the slurry-containing vessel and the silica needle thereby fabricated, 

were mounted horizontally on the stage of a standard light The invention and its advantages are readily understood 

microscope and viewed at 100-x magnification. The micro- from the foregoing description. It is apparent that various 

scope stage had an additional translation stage that allowed 4Q changes can be made in the process without departing from 

the silica needle to be moved into the hole of the pipette tip. the spirit and scope of the invention. The process as herein 

By moving the tip into brief contact («0.5 seconds), with the presented, is merely illustrative of preferred embodiments of 

slurry through the hole, approximately 75-100 microspheres the invention, and not a limitation thereof, 

were transferred into the silica needle. I claim: 

The needle was allowed to rest on the stage of the 1- A method for forming a frit in the end of a tapered 

microscope for 5 minutes while the methanol completely 45 capillary tube useful as a source of ionized droplets for 

evaporated from the tip of the needle. During this time, the electrospray ionization mass spectrometry, which comprises 

silica was packed into place by the movement of the selecting a hollow capillary tube having a tapered end in 

meniscus. which a frit is to be formed, forming a slurry of a sinterable 

The needle was transferred to a device holding a platinum material in a volatile solvent, inserting said tapered end into 

foil heating element with a 3 mm "trough" filament, 3 mm 50 said slurr y an lowing said slurry to be drawn into said 

wide (Sutter Instruments filament number FT330B). The to P ered end °y capillary action, withdrawing said tip from 

end of the needle containing the packed spheres was cen- said slurrv , allowing said solvent to evaporate, leaving 

tered in the filament. The filament was energized for 12 behind the sinterable material that was drawn into said 

seconds with a heat output of 20.1 watts, to sinter the tapered end as a part of said sliirry, and applying a source of 

microspheres. 55 energy to said sinterable material to sinter it. 

2. The method of claim 1, wherein said sinterable material 

EXAMPLE 2 is glass, silica, metal or polymer. 

~ . . 1 t , , t . t 3. The method of claim 2, wherein said sinterable material 

The procedure of Example 1 was repeated except that a fc , . ^ fonn of ^ havi diameter f from 

needle fabricated from 50 fan ID fused silica tubing pulled ^ fa abou( % 0 

down to an 8 m ID tip was used. Approximately 25-50 60 ^ ^ ^ ^ fe materia , 

spheres were Uansferred into the end of the silica needle. For fe ^ m ^ fofm of ^ hiy . aameter of from 

!^*^'J to,,OT ^ of * effl,men,devicew,s " duced about 0.25 /an to about 250 m . 

0 ■ wa • 5. The method of claim 2, where in said sinterable material 

EXAMPLE 3 ^ glass, io the form of spheres having a diameter of from 

65 about 0.25 /«n to about 250 ftm. 

The procedure of Example 1 was repeated, but a 10 cm 

piece of 50 fua ID, 360 /an OD polyimide coated, fused ***** 
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ABSTRACT 



Method and apparatus for automatic chromatographic 
column operations, including column equilibration, 
column loading, column washing, and column elution. 
A novel pipette tip column is shown which is packed 
with a binding material sandwiched between two per- 
meable spheres. 

22 Claims, 1 Drawing Sheet 
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rality of said stations, receive fluids at the dispensing 
AUTOMATED COLUMN EQUILIBRATION, stations, and discharge fluids at the receptacle stations. 

COLUMN LOADING, COLUMN WASHING AND In a preferred form, the binding material holders em- 
COLUMN ELUTION ployed with the invention are miniature columns which 

5 are necked or otherwise configured to receive a first 
BACKGROUND OF THE INVENTION permeable plug above a charge of chromatographic 

(1) Field of the Invention medium binding material within the column, and a sec- 
This invention relates generally to automated chro- ond permeable plug below the charge. The plugs are 

matographic column operations, including column configured to retain a charge of chromatographic me- 
equilibration, column loading, column washing, and 10 dium between them, and to enable fluids to permeate 
column elution. More particularly, the invention resides through the plugs. At least one of the plugs is remov- 
in a system in which a chromatographic column is able from the column, so as to enable the column to be 
moved in an automatic programmed sequence from one charged with a chromatographic medium. Preferred 
fluid source or discharge point to another. The invcn- plugs are unitary elastomeric members which are capa- 
tion is especially directed at the adaptation of an auto- 15 ble of being received and held by recesses, grooves, 
made pipetting system to an automatic chromato- necked sections, or other internal structural seat-like 
graphic system. features of the column. Thus, it is especially preferred 

(2) Description of the Prior Art that a plug be readily forced to seat within such a struc- 
Many laboratory procedures rely upon column chro- tural feature, and also be readily recovered. When 

matographic methods. These procedures include the 20 seated within a column, it is desired that the plug seal 
purification of DNA and oligonucleotides, preparation against the internal wall of the column such that fluid 
of poly A RNA and high molecular weight genomic ^ permeate through the body of the plug in prefer- 
DNA, and the recently developed column-based solid to - lXS periphery. 

phase method of performing Maxam-Gilbert sequenc- It ^ ^ preferred that the column for the chromato- 
ing reactions. See "Use of Reverse-Phase Chromatogra- 25 medium be a pipette-like member having a 

phy in the Maxam-Gilbert Method of DNA Sequenc- relatively long diameter central section and an extended 
mg j t S^p Toward AutomaUon,- Japdeeswai^, P neck ed section of smaller diameter. Indeed, an espe- 
*• Gene An ^ sis Tec * niqu x f 3:19 ^ cially preferred column is a member resembling a pi- 
(1986). In a multi-step procedure such as Maxam-Gfl- % such ^ ^ employed with conventional auto- 

bert sequencing reactions, usiiig conunercially available 30 ^ * ^ ^ ^ Biomek@ im 

coiiimns ; and rumung them is a labor intensive process. ^ * equipped and programmed to move 

Robotic pipetting machines are well known in the art . „ . . 7Z * *t t *u 

For instancefthe Biomek® 1000 Automated Labora- P^c tips from cmestanon to another, where the auto- 
tory Workstation (Beckman; 2500 Harbor Boulevard, °? atic piP^ machine then typically aspirates or dis- 
FuUerton, Calif.) comprises a robotic arm which can 35 char *es fluids through the pipette tips. In adapting the 
hold a pipette tool and is capable of vertical and hori- . P r f «* mvention to such apparatus, a pipette-shaped 
zontal (forward and backward) movement The Bi- ™ lumn 18 ch ^^ a chromatographic medium 
omek ® 1000 includes a platform which carries pipette bmdmgmatenal, and is moved from one station to an- 
tools, and separate storage ports which are holding other - ^ flmd dispensing and receptacle stations may 
places for pipette tips and fluids. The Biomek ® 1000 40 be prepared by modifying existing fluid reservoir ports 
can be programmed to move a pipette tool and connect on ^ Biomek ® 1000. 

to a pipette tip in such a manner as to enable the tool to ^ Biomek ® 1000 pipette tips are more preferably 
intake and discharge liquid through the pipette tip. modified in accordance with the invention to become 
Typically, the Biomek ® 1000 is programmed to move miniature chromatographic columns by preferably plac- 
a pipette tool to a pipette storage location, connect the 45 mg a porous permeable polyethylene sphere into the 
tool to a pipette tip, move to an instructed port which large end of the pipette tip and then pushing the sphere 
holds a liquid, pick up an instructed amount of liquid, mto location just above the "neck" of the pipette tip. 
and deliver this liquid to another location. The sphere is conveniently pushed into location with a 

steel rod. The sphere is then topped with a specific 
SUMMARY OF THE INVENTION 5Q amount of a selected resin, chromatographic medium, 

A general object of this invention is to provide an or other binding material. A second porous permeable 
improved chromatographic system capable of auto- polyethylene sphere is then placed on top of the me- 
matic column equilibration, column loading, column dium and firmly packed with the steel rod. The spheres 
washing, and column elution. In one embodiment of this prevent the binding material from moving during fluid 
invention an automatic pipetting apparatus is adapted to 55 intake and discharge operations performed by an auto- 
provide such a chromatographic system. The pipette matic pipetting machine. Once correctly packed, these 
tips used in the automatic pipetting apparatus are modi- pipette tips became miniature chromatographic col- 
fied to perform as chromatographic columns, and to be umns and are herein referred to as "columns." 
transferred by the automatic pipetting machine from Once a pipette tip is improved as described above, it 
one position to another. 60 is possible to program an automated pipetting apparatus 

In a general aspect, the present invention comprises a to connect to a column, and then automatically equili- 
vertically disposed column capable of holding a charge brate, load, wash, and elute the column. This procedure 
of a binding material or chromatographic medium; a is performed by preparing an automatic pipetting appa- 
plurality of column stations including a storage position, ratus with a packed column, a charging fluid source, an 
at least one separate fluid dispensing station, at least one 65 elution fluid source, a charging fluid discard location, 
separate receptacle station; and an automatic column and an elution fluid storage location. The packed col- 
handler programmable to automatically engage the umn may be one of a plurality of such columns stored 
column, move the column sequentially between a plu- systematically in a suitable column storage facility. As 
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used in this specification, "charging fluid" means any In implementing the invention, radiolabeled DNA 
fluid used to equilibrate, load, or wash the column. In was used and binding was monitored by a liquid scintil- 
some instances the charging fluid may also include a lation counter. Binding efficiencies were compared by 
fluid used to elute the column, although preferably the counting the DNA solution before and after loading, 
eluting step takes place after the charging step. "Fluid" 5 counting the columns after binding, and counting the 
means any gas or liquid. eluent. The DNA was obtained from/prepared by poly- 

Once prepared, the apparatus is programmed and merase chain reaction using terminally labeled oligonu- 
operated to perform the following steps: move a pipette cleotides. The liquid scintillation counter used was a 
handling tool to the packed column storage; connect to Searly Analytical Inc. ISOCAP/300 6872. Appropriate 
a packed column so as to allow intake and discharge of 10 liquid reagents were used for column equilibration, 
fluid through the column; move to the charging fluid column loading, column washing, and column elution 
source; charge the column by intakmg charging fluid according to manufacturers recommendations. "Appro- 
into the column; move the column to the charging fluid priate" in this context means those reagents that would 
discard location; and discharge the charging fluid. Sue- adequately equilibrate, load, wash, or elute the column 
cessive selected fluids may be drawn into the column 15 as desired by the practitioner. Depending on the materi- 
and discharged to successively equilibrate, load, and als examined, these reagents will vary as is well known 
wash the packed column. In this manner the column is in the art In the particular experiments conducted 
automatically "charged." herein, the equilibrating, loading, and washing fluid was 

Once charged, the packed column may be eluted by 0.2M NaCI in TE (10 mM Tris-HCl, pH 7.2, 1 mM 
moving the column to the elution fluid source and intak- 20 EDTA) as per the NACS PREPAC Instruction Man- 
ing elution fluid into the column. In this manner the ual, p. 12 (Bethesda Research Laboratories Life Tech- 
column is "eluted." The column may then be moved to nologies, Inc.). The eluting fluid was 2.0M NaCI in TE 
the elution fluid storage and the elution fluid discharged as described in the same NACS PREPAC Instruction 
into the elution liquid storage. In this manner the elution Manual. 

fluid is recovered in a separate location from the other 25 Tubular Biomek ® 1000 (250 milliliter ("ml")) pi- 
discharged fluids. The operation may then be repeated pettes (Beckman catalog No. 373685) were packed to 
using a new column. form columns for the automatic pipetting apparatus. 

"Packed" in the context of the invention means inserted 

BRIEF DESCRIPTION OF THE DRAWINGS ^ ^ pipette dp in such a manner as to resist dislodging 

FIGURE 1 is a schematic view of a pipette tip col- 30 when other materials are intaken or discharged through 
umn loaded with a chromatographic medium and po- the pipette tip and the permeable porous material, 
rous permeable polyethylene spheres. "Binding materials" means any chemical or other chro- 

x^r^„,~™^ ^ t.t^t^tVt*™ matographic medium that will react, absorb, adsorb, or 

DESCRIPTION OF PREFERRED interact in some desired fashion with other materials 

EMBODIMENTS 35 that flow through the pipette. 

A Biomek® 1000 Automated Workstation (Beck- FIGURE 1 shows a packed Biomek® 1000 pipette 
man; Fullerton, Calif.) was used to implement the auto- (column) 1 which comprises a large end S, a middle 
matic pipetting system of this invention because it com- section 4 connected to the large end 5, a neck section 3 
prises a programmable robotic arm connected to a pi- connected to the middle section 4, a tube body section 
pette tool. The pipette "tool" is the section of the Bi- 40 2 connected to the neck section 3, and a small end 6 
omek® 1000 apparatus that is connectable to the pi- connected to the tube body section 2. The Biomek® 
pette tip. The arm and tool are capable of vertical and 1000 column is packed with two porous polyethylene 
horizontal (forward and backward) movement. The spheres 7 and binding material 8. Binding materials $ 
Biomek® 1000 is programmable and capable, among actually used included NACS-52 (BRL, Gaithersburg, 
other things, of automatically moving a pipette from 45 Md.) and CI 8 resin (Waters, Division of Millipore, 
one location to a second location, intaking fluids into Milford, Mass.). It will be recognized that many other 
the pipette, moving the pipette to a third location, and binding materials may be used such as well known in 
then discharging fluid from the pipette. The pipette tool the art If the liquid flowrates are critical, it may be 
is specially designed to connect to pipette tips. possible to vary the bead or granule size of the binding 

The Biomek® 1000 includes a male pipette tool 50 material to allow the liquid to flow more easily through 
which is connectable in a relatively airtight manner to the binding material. "Porous" in the context of this 
the female large end of a Biomek ® 1000 pipette tip. application means relatively permeable to liquids but 
The Biomek® 1000 pipette tool intakes fluids into a relatively impermeable to solids, 
pipette tip by connecting itself to the pipette tip and The spheres 7 may also be made of many suitable 
exerting a vacuum force on the large end of the pipette 55 porous materials such as polyethylene. It is understood 
tip, thereby sucking fluids through the small end of the that the spheres 7 are preferably made of a soft material 
pipette tip and into the pipette tip. The Biomek ® 1000 that will mold itself to the inside of a pipette and pro- 
can be programmed to intake specific amounts of fluid vide a snug fit therein. It is also understood that the 
into a pipette tip. Fluids are discharged from a pipette word "sphere" as used in the context of this application 
tip when the tool relaxes the vacuum force. If desired, 60 only means objects that are roughly spherical. Irregu- 
however, the tool can be programmed to provide posi- larly shaped porous materials that will mold themselves 
tive discharge air pressure to force fluid from a pipette to the shape of the interior of the pipette and provide a 
tip. snug fit therein are included within this definition. 

The Biomek ® 1000 may be connected to a computer Glass wool may also be used in place of the polyeth- 
to control the apparatus. In the preferred embodiments, 65 ylene spheres 7, however polyethylene spheres are pre- 
an IBM PS/2 computer, and a commercial liquid han- ferred. When glass wool was packed in a column and 
dling program (Genesis Software Version 2.0; by Beck- then topped with binding material 8, the glass wool 
man) were used to control the apparatus. and/or binding material 8 tended to dislodge during the 



01/02/2002, EAST Version: 1.02.0008 



5,395, 

s 

intake or discharge operations of the pipetting appara- 
tus, thus interfering with the binding or chromato- 
graphic process. When glass wool was packed both 
above and below the binding material 8 in the pipette 1* 
the pipette tool experienced difficulty in suctioning 5 
fluid into the pipette 1, and thus binding efficiency was 
decreased. 

Porous polyethylene sheets were also cut to fit in 
various locations within the pipette 1 in place of the 
polyethylene spheres 7, however results were similar to 10 
those achieved with the glass wool. Binding efficiencies 
with the polyethylene sheets varied because of the non- 
uniformity of the packing as well as the channeling 
effect of improperly packed columns. 

The position of the porous polyethylene spheres 7 15 
with respect to the small end 6 of the column 1 was 
altered and the amount of binding material 8 was varied 
in different experiments. It was discovered that a pre- 
ferred location of the polyethylene spheres 7 and bind- 
ing material 8 was obtained by placing the polyethylene 20 
sphere closest to the small end 6 in the middle section 4 
and adjacent to the neck 3. 

The packing of the pipettes 1 with porous polyethyl- 
ene spheres 7 required only simple tools such as forceps, 
a steel rod, and a scoop of known dimension. The for- 25 
ceps was used to place the polyethylene sphere 7 in the 
pipette 1. Because the pipette 1 is wedge-shaped, the 
sphere 7 would not pass beyond a certain point with 
gravity force alone. A steel rod was used to push the 
sphere 7 to the middle section 4 adjacent to the neck 30 
section 3. A scoop was used to add the binding material 
8 on top of the sphere 7, and a second sphere 7 was then 
placed on top of the binding material 8. The porous 
polyethylene spheres 7 were commercially available 
5/32 inch NEN balls from DuPont NEN Products 35 
(Boston, Mass.). 

It is possible to prepare a column without using the 
second polyethylene sphere 7. When columns prepared 
in this manner were used, the Biomek ® 1000 occasion- 
ally suctioned up liquid and binding material into the 40 
pipette tool. In such situations, binding of the DNA to 
the binding material was relatively efficient, however 
the results using these columns were not highly repro- 
ducible. 

The most preferred column was obtained by packing 45 
the binding material between two 5/32 inch porous 
polyethylene spheres 7. Using these columns, the Bi- 
omek ® 1000 was able to intake the fluids and the bind- 
ing results were efficient and reproducible. These col- 
umns were packed snugly enough so that intake and 50 
discharge forces of the Biomek ® 1000 did not loosen 
the column. It was noted that some 96 tips could be 
manually packed in about 20 minutes. This packing 
procedure proved to be useful not only for packing 
columns to be used with the Biomek ® 1000, but also 55 
for cutting the expense involved in generating any num- 
ber of disposable columns. 

The Biomek® 1000 has limited available space in its 
fluid reservoirs, and hence it was necessary to modify 
these reservoirs to prepare a charging fluid discard 60 
location that would not overflow. To modify the reser- 
voir, a vacuum suction apparatus was attached to one of 
the Biomek ® 1000 reservoirs to allow fluids that are 
discarded there to be removed quickly. To attach the 
vacuum suction apparatus, a hole was drilled in the 65 
center of either the 37 ml (Beckman catalog No. 

373690) reservoir or the 17 ml (Beckman catalog No. 

373691) reservoir, a pipette tip was pushed inside, and 



flexible tubing was attached from the vacuum suction 
apparatus to the pipette tip. 

The Biomek ® 1000 was programmed in a specific 
embodiment to use the pipette tool to perform the fol- 
lowing steps: 

(1) move to a packed column in a column storage area 
and connect to the column so as to allow the pipetting 
apparatus to intake and discharge fluid through the 
packed column; 

(2) move the column to a equilibration fluid source 
reservoir and intake a specified amount of equilibration 
fluid; 

(3) move the column to the fluid discard location and 
discharge the equilibration fluid at the location; 

(4) move the column to the loading fluid source reser- 
voir and intake a specified amount of loading fluid; 

(5) move the column to the fluid discard location and 
discharge the loading fluid at the location; 

(6) move the column to a washing fluid source reser- 
voir and intake a specified amount of washing fluid; 

(7) move the column to a fluid discard location and 
discharge the washing fluid at the location; 

(8) move the column to the elution fluid source reser- 
voir and intake a specified amount of elution fluid; and 

(9) move the column to elution fluid storage reservoir 
and discharge the elution fluid into the elution fluid 
storage reservoir. 

The "fluid discard location" may be one location, or 
it may be several different locations. 

Preferred results were achieved when the fluid intake 
processes were repeated at least once with each fluid 
prior to continuing on with the next step of the proce- 
dure. For instance, during the elution fluid intake pro- 
cess, the column was moved to the elution fluid source, 
the elution fluid was intaken and discharged (with the 
discharged elution fluid being returned immediately to 
the elution fluid source), and then the elution fluid was 
again intaken prior to moving the column to the elution 
storage reservoir. Similarly, the loading fluid intake 
process may be repeated in like manner to obtain pre- 
ferred results. Alternately, the fluid intake processes 
may be repeated without returning the fluid immedi- 
ately to the source. For instance, for the equilibration 
fluid intake process, steps (2) and (3), as outlined above, 
may be simply repeated prior to continuing on with step 
(5), etc. 

It is anticipated that the present invention will help 
markedly to automate the solid phase Maxim-Gilbert 
sequence reactions. Moreover, other binding materials 
may be packed in these columns, thus automating other 
column applications, such as poly-A RNA preparation, 
avidin columns, Sephadex resin columns, and dyna 
beads columns. 

Further modifications and alternative embodiments 
of various aspects of the invention will be apparent to 
those skilled in the art in view of this description. Ac- 
cordingly, this description is to be construed as illustra- 
tive only and is for the purpose of teaching those skilled 
in the art the general manner of carrying out the inven- 
tion. It is to be understood that the forms of the inven- 
tion shown and described herein are to be taken as the 
presently preferred embodiments. Elements and materi- 
als may be substituted for those illustrated and de- 
scribed herein, parts and processes may be reversed, 
and certain features of the invention may be utilized 
independently, all as would be apparent to one skilled in 
the art after having the benefit of this description of the 
invention. Changes may be made in the elements de- 
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scribed herein or the steps or the sequence of steps of 
the methods described herein without departing from 
the spirit and scope of the invention as described in the 
following claims. 
What is claimed is: 5 

1. An apparatus adapted to perform chromatographic 
analysis and capable of column equilibration, column 
loading, column washing, and column elution, compris- 
ing a chromatographic column with a tapered tip and 
which is adapted at a terminal end with a permeable 10 
plug capable of holding a charge of binding material; a 
source of binding material; a plurality of column chro- 
matographic stations including at least one separate 
fluid dispensing station and at least one separate recep- 
tacle station; and an automatic column handler pro- 15 
grammable to automatically engage the column in a 
substantially upright position so that a bottom portion 

of the column is proximate the tapered tip during use, 
move the substantially upright column sequentially 
between a plurality of said stations during use, receive 
fluid upwardly through the tapered tip into the bottom 
portion of the column at each dispensing station during 
use, and discharge fluid downwardly from the bottom 
portion and through the tapered tip of the column at ^ 
each receptacle station during use. 

2. The apparatus of claim 1 wherein the column com- 
prises a tube containing permeable plugs configured to 
retain a charge of binding material between the plugs. 

3. The apparatus of claim 2 wherein at least one of the 3Q 
plugs is removable from the column, so as to enable the 
column to be charged and decharged with the binding 
material. 

4. The apparatus of claim 2 wherein the plugs are 
elastomeric members capable of being received within 35 
the column and held in position by internal structural 
features of the column. 

5. The apparatus of claim 2 wherein the plugs seal 
against the internal wall of the column such that fluid 
will permeate through the body of the plug. 40 

6. The apparatus of claim 2 wherein the plugs are 
spherically shaped. 

7. The apparatus of claim 1 wherein the column is a 
pipette tip-like member having a relatively long central 
section with an inside diameter, and an extended necked 45 
section with an inside diameter smaller than the inside 
diameter of the central section. 

8. The apparatus of claim 1 wherein at least one dis- 
pensing station comprises a charging fluid reservoir. 

9. The apparatus of claim 8 wherein at least one so 
charging fluid is an equilibrating fluid and the automatic 
column handler is programmed to equilibrate the col- 
umn with the equilibrating fluid. 

10. The apparatus of claim 9 wherein at least one 
dispensing station is an elution fluid reservoir and the 55 
automatic column handler is programmed to elute the 
column with elution fluid from the elution fluid reser- 
voir. 

11. The apparatus of claim 8 wherein at least one 
charging fluid is a loading charging fluid and the auto- 60 
matic column handler is programmed to load the col- 
umn with the loading charging fluid. 



8 

12. The apparatus of claim 11 wherein at least one 
dispensing station is an elution fluid reservoir and the 
automatic column handler is programmed to elute the 
column with elution fluid from the elution fluid reser- 
voir. 

13. The apparatus of claim 8 wherein at least one 
charging fluid is a washing charging fluid and the auto- 
matic column handler is programmed to wash the col- 
umn with the washing charging fluid. 

14. The apparatus of claim 13 wherein at least one 
dispensing station is an elution fluid reservoir and the 
automatic column handler is programmed to elute the 
column with elution fluid from the elution fluid reser- 
voir. 

15. The apparatus of claim 1 wherein at least one 
dispensing station comprises an eluting fluid reservoir. 

16. The apparatus of claim 1 wherein at least one 
dispensing station is an elution fluid reservoir and the 
automatic column handler is programmed to elute the 
column with elution fluid from the elution fluid reser- 
voir. 

17. The apparatus of claim 1 wherein at least one 
receptacle station comprises a charging fluid discard 
location. 

18. The apparatus of claim 1 which further comprises 
a vacuum source connected to at least one receptacle 
station such that liquid can be removed by vacuum 
force from a bottom of a receptacle station during use. 

19. The apparatus of claim 1 wherein at least one 
receptacle station comprises an elution fluid storage 
location. 

20. An apparatus adapted to perform chromato- 
graphic analysis, comprising: 

a chromatographic column with a tapered tip which 
is adapted at a terminal end with a permeable plug 
capable of holding a charge of binding material; 

a source of binding material; 

a plurality of column stations including at least one 
loading fluid dispensing station, at least one charg- 
ing fluid dispensing station, at least one equilibrat- 
ing fluid dispensing station, at least one eluting 
fluid dispensing station, and at least one receptacle 
station; and 

an automatic column handler programmable to auto- 
matically engage the column in a substantially up- 
right position so that the column has a bottom 
portion proximate the tapered tip, move the sub- 
stantially upright column sequentially between a 
plurality of the dispensing and receptacle stations 
to load, charge, equilibrate, and elute the column 
during use such that fluid is received upwardly 
through the tapered tip into the bottom portion of 
the column at each dispensing station during use, 
and such that fluid is discharged downwardly from 
the bottom portion and through the tapered tip of 
the column at each receptacle station during use. 

21. The apparatus of claim 20 wherein the chromato- 
graphic column comprises a permeable plug positioned 
at each end of the binding material. 

22. The apparatus of claim 21 wherein the permeable 

plugs are substantially spherical in shape. 

***** 
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[57] ABSTRACT 

The present invention is directed to providing a column 
chromatography apparatus and assay method employ* 
ing the same which is readily adaptable for rapid labora- 
tory separation of chemicals, in particular, organic, 
inorganic and biochemicals and biomolecules from an 
eluent fluid, such as a body fluid. In particular, it has 
been determined that a miniaturized column chroma- 
tography apparatus having a multi-stage separatory 
tube, an associated eluent tube, an adapter and a vented- 
cap and a non-vented cap is particularly well suited to 
the rapid assays yielding accurate results which are 
required in the analytical laboratory or clinical setting. 

24 Claims, 2 Drawing Sheets 
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and a non-vented cap wherein the entire apparatus is 

MINIATURIZED COLUMN CHROM ATO GRAPHY sized to be usable with a common laboratory centrifuge 

SEPARATION APPARATUS AND METHOD OF or, if necessary, an ultracentrifuge and is adapted to fit 

ASSAYING BIOMOLECULES EMPLOYING THE conventional test tubes, holder racks, mini-vials, syrin- 

SAME 3 ges and other laboratory equipment. By providing a 

column chromatography apparatus configured in this 

BACKGROUND OF THE INVENTION manner, a laboratory technician is able to rapidly sepa- 

This invention relates generally to an apparatus for rate biomolecules from the eluent fluid, recover and 

separation of liquid compounds by column chromatog- quantify the desired biochemical, 

raphy. More particularly, the present invention relates 10 cttmmary of THF INVENTION 

to a miniaturized chromatography column for the rapid SUMMARY Or THE INVENTION 

separation of organic chemicals, inorganic chemicals, Accordingly it is an object of the present invention to 

biochemicals and biomolecules by liquid phase chroma- provide a column chromatography apparatus for the 

tography. rapid liquid phase separation of chemicals, and in partic- 

It has been found that traditional column chromatog- 15 ular, biochemicals and biomolecules. 
raphy apparatus are not easily adapted for the rapid i t & another object of the present invention to pro- 
separation of biomolecules in a laboratory setting. ^ e a column chromatography apparatus for ion ex- 
Where there is a need for separation of compounds from change, molecular weight, adsorption/partition, hy- 
a body fluid, such as blood or urine, a laboratory techni- droxylapatite, particular removal, senri-afTinity and af- 
cian must set up individual columns for each type of 20 chromatography separations, 
separation to be done. The process of setting up a col- It ^ t ob j ect of me present invention to 
umn consists of selecting the appropmte stotionary ^ & chromatography apparatus for multi- 
phase medium specific to the biochemical or body fluids £ separations in a unitary apparatus 
to be separated and packing the eokm. .with the appw- * ^ Q y f ^ invention to 
pnate stationary phase medium. After setting up the " . . J , r , A , 
Lnventional^lumn chromatography apparltui the P rovide *? lumn Cartography apparatus adapted 
technician is then able to introduce the eluent into the for wth a 00111111011 Oratory centrifuge or ultra- 
column and collect the eluate, then recover the sepa- centrifuge. 

rated biochemical from the stationary phase media by ItlssuU V* ^iher object of the present invention to 
appropriate washings. 30 provide a column chromatography apparatus adapted 
Conventional column chromatography apparatus for use with a syringe so that syringe-injected air may 
provide inherently slow separations due to the length of be utilized to create a fluid flow force, 
the column or the quantity of biochemical to be sepa- It is a further object of the present invention to pro- 
rated. Numerous methods of accelerating the separa- vide a column chromatography apparatus having a 
tions have been developed, such as use of a pump to 35 vented and non-vented cap for sealing the column dur- 
forcedly move the eluent through the column or plung- ing separation or sealing the eluate after collection, 
ers to maintain a pressure gradient on the eluent None It is another further object of the present invention to 
of the conventional column chromatography apparatus, provide a column chromatography apparatus having an 
however, are well adapted for diagnostic, analytical or eluate collection portion adapted for use with labora- 
other laboratory procedures where rapid separations of 40 tory analytical devices. 

biochemicals or biomolecules from body fluids are re- The aforementioned objects are accomplished, ac- 
quired, cording to the present invention, by providing a column 
Conventional column chromatography apparatus chromatography apparatus having a multi-stage separa- 
consist of glass buret-like tubes which are packed with ^ column portion, an eluate collection portion, an 
a scparatory medium. The size and length of these con- 45 ^p^ portion, a vented cap portion and a non-vented 
ventional apparatus make them unsuitable for use in portion 

rapid separations with high recovery yields. Further, ^ forcgoing ob j ects , features and advantages of 
conventional chromatography apparatus require the ^ mvention ^ ^ apparent from the following, more 
repeUtivc transfer of the eluate or subsequent washes to particularf description of the preferred embodiments of 
a mutate of ves^ 50 ^ mvcnti ^illustrated in the accompanying draw- 
vessels to collect the eluate and wash increases the . , • i: t, A r—*„— 0 „ JTk« inrT«««iAr 

... ... , - . — . t^„^u : ings, wherein like features are Ktentuiea by luce numer- 

likelihood of contamination m the separated biochenu- i ■ 

cal and, therefore, increases the likelihood of erroneous 

analytical or diagnostic results. Finally, conventional BRIEF DESCRIPTION OF THE DRAWINGS 

s£e^4T^ 2y2 tJpS C elu- " FK>. 1 is a side elevadonal cro^sectional view of a 

ent or one type of separation media may be employed. It column chromato^aphy apparatus according to the 

has been found desirable to provide a niiniaturized col- P resent *vention dlustratmg the multi-stage separation 

umn chromatography apparatus which will meet the column portion. 

foregoing deficiencies commonly found with conven- 60 FIG. la is a perspective exploded view of the rninia- 

tional column chromatography apparatus. The present turized column chromatography apparatus according 

invention, therefore, is directed to providing a column to the present invention. 

chromatography apparatus which is readily adaptable FIG. 2 is a side elevadonal cross-sectional view of a 

for rapid laboratory separation of biochemicals and column chromatography apparatus according to the 

biomolecules from an eluent fluid, such as a body fluid. 65 present mvention illustrating the eluate collection por- 

In particular, it has been determined that a miniaturized tion thereof. 

column chromatography apparatus having a multi-stage FIG. 3 is a side eievational cross-sectional view of a 

separatory tube, an associated eluent tube, a vented-cap column chromatography apparatus according to the 
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present invention illustrating the adapter portion plastic such as that marketed by Eastman Chemical 

thereof. Products under the trademark TEMTTE. It has been 

FIG. 4 is a side elevational cross-sectional view of a found that TENITE No. 7583-353A is particularly well 

cap portion of a column chromatography apparatus suited for use with the present invention, 

according to the present invention. 5 Tubular column member 12 tapers along its length- 

FIO. 5 is a side elevational cross-sectional view of a wise axis, gradually tapering from eluent input opening 

cap portion communicating with an adapter portion of 15 to eluate outlet opening 21. A filter 22 is horizontally 

a column chromatography apparatus according to the disposed adjacent to and subtending the eluent outlet 

present invention. 21. Filter 22 preferably consists of a micropore us poly- 

FIO. 6 is a side elevational cross-sectional view of a 10 meric plastic filter. It has been found that filters made of 

cap portion communicating with a multi-stage separa- polyethylene, polypropylene, polyether-polyurethane, 

tion column portion of the miniaturized column chro- polyester-polyurethane, polyolefin, polyvinylidene 

matography apparatus according to the present inven- flouride, ethylene- vinyl acetate, styrene-acrylonitrile or 

tion. polytetrafiuoroethylene are particularly well-suited to 

FIG. 7 is a side elevational view of an adapter portion 15 use in the present invention. Examples of such poly- 
communicating with a multi-stage separation column meric plastics include those marketed under the trade- 
portion of the inventive miniaturized column chroma- mark INTERFLO by Chromex Corporation of New 
tography apparatus. York, WON, PERMAIAR, PORELLE by Pore 

DESCRIFnONOF^PREFERRED „ ™£»2££ S^bSKESSS 

these polymeric plastics are sufficiently chemically and 
Turning to the accompanying Figures, in which like thermally inert to render them particularly well suited 
features are identified by like numerals, the preferred for use in the inventive miniaturized column chroma- 
embodiment of a column chromatography apparatus 10 tography apparatus. 

is illustrated As illustrated by FIG. 1, column chroma- 25 It is preferable, according to the preferred embodi- 
tography apparatus 10 is ideally suited for laboratory ment of the present invention, to provide a tubular 
and clinical use for rapid separations of organic, inor- column member 12 having a plurality of chambers 13, 
ganic and biochemicals, as well as biomolecules by 17 and 19 defined by successive constrictions 16 and 18 
liquid phase chromatography. Liquid phase chromatog- in the diameter of tubular column member 12. Such a 
raphy entails the introduction of a fluid, e.g., blood 30 multi-chambered tubular column member, the techni- 
plasma or urine, into a column packed with a suitable cian may be packed with a single separatory medium or 
separatory medium, the selection of which depends packed as a multi-stage separatory column. Where a 
upon the chemical sought to be separated. After allow- single separation is required, the entire column length, 
ing the eluent to course through the length of the col- or any portion thereof, may be packed with a suitable 
umn, the eluate is collected in a suitable receptacle. 35 separatory medium. Where multiple separations are 
Typically, the scientist, technician or clinician will se- required, however, a single column may be differen- 
lect a separatory medium for separating the desired tially packed with different separatory media to achieve 
biochemical or biomolecule from the eluent. To collect multiple separations. It will be recognized by those 
the desired biochemical or biomolecule, the column is skilled in the art, that the feature of a plurality of in- 
washed with a suitable wash, typically an aqueous acid 40 creasingly larger diameter chambers increases the stack 
or base, and this wash is collected and assayed. Re- height of, and therefore the efficiency of, the separatory 
peated washings may recover additional quantities of material or materials. As an example, 100 mg of a 
the desired biochemical or biomolecule. separatory medium is more efficient in a i-inch diameter 
Column chromatography apparatus 10 consists of a column than in a one-inch column. Increased stack 
generally tubular column member 12 which has an elu- 45 height of the separatory medium can provide a propor- 
ant inlet opening 15 and an elutate outlet opening 21. tional increase in surface area for the eluent to contact. 
According to the present invention eluent inlet opening Accordingly, it is advantageous to provide, as in the 
15 has a diameter which is relatively greater than the present invention, a column which optimizes the effi- 
diameter of eluate outlet opening 21. Since many bio- ciency of the separatory medium by increasing its stack 
chemical assays must be performed at cold tempera- 50 height through a plurality of increasingly larger diame- 
tures, the intermediates or products of these assays are ter chambers, 

frequently stored at extremely cold temperatures (as By providing a tubular column member 12 having a 
low as — 100* C), to avoid denaturation of protein- plurality of chambers 13, 17 and 19, it is possible to 
aceous biomolecules, the material of choice for tubular separate chambers 13, 17 and 19 by disposing polymeric 
column member 12 must be thermally stable across a 55 filters 22 therebetween at constrictions 16 and 18 re- 
wide temperature range. In addition, the material must spectively or at any other point along the taper of each 
be stable in the presence of a diversity of chemicals, chamber. Separation of the column into a plurality of 
particularly aqueous acids or bases and be capable of contiguous, but differential chambers permits the sue- 
withstanding the forces of sterilization by gamma and cessive separation of different biochemical or bi- 
beta irradiation and gaseous ethylene oxide. It is prefer- 60 omolecules with different separatory media, 
able, therefore, that tubular column member 12 be made It will be understood, by those skilled in the art, that 
of a material, such as an ethylene-polypropylene plastic, any suitable separatory media and associated separatory 
which is sufficiently chemically and thermally inert to method may be employed. In particular, the present 
the above. It is further preferable to employ a plastic miniaturized column chromatography apparatus is par- 
which is inexpensive and, thereby, disposable. Accord- 65 ticularly well suited to rapid ion exchange, molecular 
ing to the preferred embodiment of the present inven- weight, adsorption/partition, hydioxylapatite, particu- 
tion, tubular column member 12 is constructed of a late removal, semi-affinity and affinity chromatography 
unitary piece of milled and bored, or injection molded separations. Accordingly, suitable separatory media 
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include, but are not limited to, ion exchange resin, ion and tubular column member 12 while minimizing the 

exchange cellulose, ion exchange gel, sephadex, silica possibility of contamination during handling, 

gel, alumina, hydroxylapatite gel, phenylborate cellu- Adapter 30 is provided to allow usage of tubular 

lose and affinity gel. Thus, it can be readily acknowl- column member 12 with syringes for injecting air into 

edged by those skilled in the art, that the present inven- 5 tubular column member 12. Adapter 30 consists of gen- 

tion has a broad utility across the wide range of analyti- erally cylindrical hollow upper portion 34, a generally 

cal and clinical chromatographic separations, cylindrical hollow lower portion 32 depending there- 

To increase the broad utility of the present invention, from and a radial flange 36 extending outwardly at the 

it has been found desirable to provide an entire minia- junction of upper portion 34 and lower portion 32. As 

turized column chromatography apparatus consisting of 10 shown in FIG. 5, hollow upper portion 34 is configured 

a tubular column member 12, a receptacle container 40, to have ^^^^^^^P 0 ^ io * h * 

a cap member 50 and an adapter 30. As illustrated by iimer diameter of the tower staUcporUonW ofcapSO. I 

FIG 2, receptacle container 40 consists of an elongated dearable , fecardrng to the preferred embodiment 

taperutg tu^r member 42 havmg a tapering fr^to- ^ £*^o^ 

Tf^^S^2^T^Z 5S» JeSersal luer taper st^d for syringes 

ameter of a surface of tubular <^ * * Tapers for Medical Applications." An adapter 30 hav- 

providing corresponding mner and outer diameters of p standardized hollow upper portion 34 is capable of 

tubular column member 12 aiui receptacle contamer 20 ^ most 8ta Xd syringe luers. Hollow 

respectrvely the tccluucuin scientist or cbnician wul be lowe ^ ortion 32 h configured to have an outside diam- 

able to fit the miniaturized column ctomatography ^ ^ m OJlds % ^ diameter of the 

apparatus 10 m a standard test tube rack and standard u £ member n 

laboratory centrifuges and ultracentnfuges without 2J It found that by employing the present min- 

dangerof adversdy^ertmg the column or separation. iatarized chromatography apparatus in conven- 

With reference to FIGS. 3, 4 and 5, there is shown the tional biochemical assays, an unexpected improvement 

adapter and cap of the present invention. Cap 50 and k m accuracy has been demonstrated. For example, 

adapter 30 are configured for multiple uses as either a present me thod of assaying catecholamines in plasma, 

vented or non-vented coverings for tubular column 30 ^nc and cerebrospinal fluid entails introduction of the 

member 12 along, tubular column member in combina- due|lt mto a ^ t{3bc to wn ich finely powdered alumina 

tion with receptacle container 40 in FIG. 2 or recepta- ^ ^ed The tube is gently agitated for several minutes 

cle container 40 in FIG. 2 alone. Ideally, cap 50 consists md centrifuged to pelletize the alumina. Upon removal 

of a generally cylindrical hollow lower stalk portion 54 from ^ centrifuge, the supernatant is carefully re- 

and a generally planar upper cap portion 51 integrally 35 m0V ed by hand-pipetting and discarded. The alumina is 

extensible from upper cap portion 51 and disposed resuspended in the tube in an acid wash, allowed to 

thereupon. Upper cap portion 51 further has a lower Ttact f or several minutes, and recentrifuged to pelletize 

ring portion 52 depending from the outer periphery of ^ alumina. The supernatant is then removed by hand 

upper cap portion 51. It is especially desirable, accord- pipetting and introduced into a second tube for further 

ing to the contemplated preferred embodiment of the 43 steps hi the procedure to quantify catecholamines. Sev- 

present invention, to configure hollow lower stalk por- era i washes with acid and their requisite centrifugations 

tion 54 so that its outside diameter will engage within and careful removal of the supernantant may be neces- 

the inside diameter of an upper rim portion 14 of gener- sai y to fully recover the catecholamine fraction. It will 

ally tubular column member 12. Hollow lower stalk b e recognized by those skilled in the art, that the repeti- 

portion 54 is configured so that its outer diameter di- 45 tion of each hand-performed operation increases the 

rectly corresponds to the inner diameter of the upper likelihood of contamination and human error, 

rim portion 46 of receptacle container 40 in FIG. 2, in contradistinction to present assay methods, the 

thereby creating a non-vented closure for receptacle present invention further provides a method of assaying 

container 40. Further, as depicted in FIG. 6, cap 50 is biomolecules which is particularly well suited for rapid 

ideally configured so that the inside diameter of lower so analytical or clinical column chromatography separa- 

ring portion 52 corresponds to the outside diameter of dons. In particular, it has been found that about a 

the upper rim portion 14 of tubular column member 12, 12-1 $% improvement in recovery has been achieved by 

thereby providing a vented closure for tubular column employing the present miniaturized column chromatog- 

member 12. raphy apparatus in the present inventive method. As 

It is necessary, however, that cap 50 provide some 55 examples of the present method, but not to be under- 

means for venting air into the column to counteract the stood as limiting the present invention, catecholamine 

negative pressure created by the fluid flow through the assays were run as follows: 
column. Accordingly, it has been found preferable to 

provide venting means 53 on cap 50. The best mode for EXAMrl-is 1 

providing venting means 53, as contemplated according 60 Aliquots of 10 ul of a concentrated tritiated norepi- 

to the present invention, is to provide a plurality of nephrine ( 3 H-NE) solution, suspended in a Tris buffer 

venting protrusions 53 extending radially across the with 0. 1 mM of dithiothreitol (DTT, 0.154 mg/ml) as an 

inner surface of upper cap portion 51 and Tower ring antioxidant, were added to each of three miniaturized 

portion 52. The provision of venting protrusions 52 column chromatography apparatuses (A, B and C) ac- 

permits the free flow of eluent fluid through the column 65 cording to the present invention. Each of the columns 

without the creation of negative pressure due to its flow was centrifuged and the eluates collected. The columns 

through the column. Moreover, venting protrusions 52 were then washed four times each with 4 ml of a deion- 

permit a vented seal to be made between cap portion 50 ized water/DTT solution at 4* C. Eluates were col- 
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lected and radioactivity was counted in a scintillation 
counter. Subsequently, column A was washed three 
times, each with 200 ul of 0.1N HQ; the eluates were 
similarly collected and counted. In a like manner, col- 
umns B and C were washed three times each with 200 ul 
of 0.SN HCl; the eluates were collected and counted. 
The percent recoveries of norepinephrine are summa- 
rized by the following table: 

TABLE A 



8 



Wash 


Column A 


Column B 


Column C 


Water 


2J0% 


2.1% 


4.9% 


Acid 








0.1 N HO 


78.5% 






0.5 N HO 




75% 


81.0% 



EXAMPLE H 

The same procedures were followed as in Example I, 
above, except 10 ul of the 3 H-NE diluted solution was 
added to 0.1 mM DTT solution, 1000 pg/nl non-radi- 
oactive dopamine, epinephrine and norepinephrine 
(DEN) was added. The resulting solution was then 
introduced into three columns packed as follows: 

Column A: 50 mg alumina 

Column B: 100 mg alumina 

Column C: 200 mg alumina 
After water washes followed by three washes each with 
200 ul 0.1N HQ and one wash of 200 ul 0.5N HCl the 
following recoveries were obtained: 

TABLE B 



Wash 


Column A 


Column B 


Column C 


Water. 


5.2% 


2.6% 


0.8% 


Acid: 


48.33% 


64.35% 


63.45% 



ing a cap and a cap adapter, wherein said cap fur- 
ther comprises a generally cylindrical hollow 
lower stalk portion and a generally planar upper 
cap portion having a lower ring portion depending 
therefrom, wherein said lower ring portion has an 
inside diameter corresponding to an outside diame- 
ter of an upper rim portion of said generally tubular 
column member; and wherein said cap adapter 
further comprises a generally cylindrical hollow 
upper portion, a generally cylindrical hollow 
lower portion depending therefrom and a radial 
flange extending outwardly from an upper surface 
of said generally cylindrical lower portion, said 
upper portion having outside diameter correspond- 
ing to an inner diameter of said generally cylindri- 
cal hollow lower stalk portion of said cap and said 
lower portion having an outside diameter corre- 
sponding to an inside diameter of an upper portion 
of said generally tubular column member; and 
an eluate receiving member having a rounded bottom 
portion for forming a pellet therein; said eluate 
receiving member being disposed in fluid commu- 
nication with said generally tubular column mem- 
ber. 

2. The miniaturized column chromatography appara- 
tus according to claim 1, wherein each of said plurality 
of chambers further comprising an outlet and an inlet 
opening thereto, wherein each of said outlet openings 

3Q has a relatively smaller diameter than each of said asso- 
ciated inlet openings. 

3. The miniaturized column chromatography appara- 
tus according to claim 2, wherein said generally tubular 
column member further a unitary column member con- 
structed of a chemically and thermally inert plastic 
material. 

4. The miniaturized column chromatography appara- 
tus according to claim 2, wherein said generally tubular 
column member further comprises a unitary column 



10 



15 



20 



25 



35 



Thus, it will be readily noted, by those skilled in the 
art, that excellent recoveries are possible with the assay 
according to the present invention. In particular, as 

indicated by the aforementioned Examples, a catechol- . # - - , . . 

amine assay following the present invention is best car- 40 member constructed of an ethylene and propylene plas 
ried out utilizing three washes of 0.5N HCl and either a 
100 mg or 200 mg alumina packed column. 

While the invention has been particularly shown and 
described in reference to the preferred embodiments 
thereof, it will be understood by. those skilled in the art 45 
that changes in form and details may be made without 



departing from the spirit and scope of the invention. 
I claim: 

1. A miniaturized column chromatography appara- 
tus, comprising: 
a generally tubular column member having a plural- 
ity of ehambers, each of said plurality of chambers 
being disposed in fluid flow communication with 
another of said plurality of chambers, said tubular 
column member further having an eluent inlet and 
eluate outlet, said inlet having a relatively larger 
diameter than and in fluid flow communication 
with said eluate outlet, said eluate outlet further 
having a generally frusto-conical shape; 



tic. 

5. The miniaturized column chromatography appara- 
tus according to claim 2, wherein each of said outlet 
openings further comprises a porous filter subtending 
said outlet opening. 

6. The miniaturized column chromatography appara- 
tus according to claim 5, wherein each of said plurality 
of chambers further comprises different chromato- 
graphic separatory media packed therein, each of said 

50 different chromatographic separatory media being se- 
lected dependent upon the materials to be separated. 

7. The miniaturized column chromatography appara- 
tus according to claim 6, wherein said chromatographic 
separatory medium is selected from the group consist- 

33 ing of ion exchange resin, ion exchange cellulose, ion 
exchange gel, sephadex, silica gel, alumina, hydroxyap- 
atite gel, phenylborate cellulose and affinity gel. 

8. The miniaturized column chromatography appara- 
tus according to claim 2, wherein said chromatographic 



a planar disc-shaped porous filter horizontally dis- 60 separatory medium is selected from the group consist 



posed within said generally tubular column mem- 
ber and subtending said eluate outlet; 

chromatographic separatory medium packed within 
said generally tubular column member, said chro- 
matographic separatory medium being selected 
dependent upon the materials to be separated; 

vented capping means for closing said eluate inlet 
disposed within eluate inlet opening and compris- 



ing of ion exchange resin, ion exchange cellulose, ion 
exchange gel, sephadex, silica gel, alumina, hydroxyap- 
atite gel, phenylborate cellulose and affinity geL 
9. The miniaturized column chromatography appara- 
65 tus according to claim 1, wherein said generally tubular 
column member further comprises a unitary column 
member constructed of a chemically and thermally inert 
plastic material. 
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10. The miniaturized column chromatography appa- 
ratus according to claim 1, wherein said generally tubu- 
lar column member further comprises a unitary column 
member constructed of an ethylene and propylene plas- 
tic. 5 

11. The miniaturized column chromatography appa- 
ratus according to claim 1, wherein said porous filter 
further comprises a polymeric plastic material. 

12. The miniaturized column chromatography appa- 
ratus according to claim 1, wherein said porous filter 10 
further comprises a polymeric plastic material selected 
from the group consisting of polyethylene, polypropyl- 
ene, polyether-polyurethane, polyester-polyurcthane, 
polyolefin, polyvinylidene flouride, ethylene-vinyl ace- 
tate, styrene-acrylonitrile and polytetrafhioroethylene. 15 

13. The miniaturized column chromatography appa- 
ratus according to claim 1, wherein said generally tubu- 
lar column member further comprises a plurality of said 
parous filters horizontally disposed therein forming a 
plurality of chambers therebetween. 20 

14. The rniniaturized column chromatography appa- 
ratus according to claim 13, wherein each of said plural- 
ity of chambers further comprises different chromato- 
graphic separatory media packed therein, each of said 
different chromatographic separatory media being se- 25 
lected dependent upon the materials to be separated. 

15. The miniaturized column chromatography appa- 
ratus according to claim 1, wherein each of said cham- 
bers further comprises a porous filter horizontally dis- 
posed within said chamber and subtending an outlet 30 
opening thereof. 

16. The miniaturized column chromatography appa- 
ratus according to claim 15, wherein each of said plural- 
ity of chambers further comprises different chromato- 
graphic separatory media packed therein, each of said 35 
different chromatographic separatory media being se- 
lected dependent upon the materials to be separated. 

17. The rniniaturized column chromatography appa- 
ratus according to claim 1, wherein said chromato- 
graphic separatory medium is selected from the group 40 
consisting of ion exchange resin, ion exchange cellulose, 
ion exchange gel, sephadex, silica gel, alumina, hy- 
droxyapatite gel, phenylborate cellulose and affinity 
gel. 

18. The miniaturized column chromatography appa- 45 
ratus according to claim 1, wherein said multi-stage 
column member further comprises a plurality of said 
porous polymeric filters subtending an outlet opening of 

at least one of said chambers of said multi-stage column 
member. 50 

19. The miniaturized column chromatography appa- 
ratus according to claim 18, wherein each of said plural- 
ity of chambers having an outlet opening subtended by 
said porous polymeric filters further comprises different 
chromatographic separatory media packed therein, 55 
each of said different chromatographic separatory 
media being selected dependent upon the materials to be 
separated. 

20. A rniniaturized column chromatography appara- 
tus, comprising, in combination: 60 

a multi-stage column member having an eluate inlet 
and eluent outlet opening and a plurality of cham- 
bers in fluid flow communication disposed therebe- 
tween, each of said chambers having an inlet and 
outlet opening, each of said inlet openings further 65 
having a relatively larger diameter than a commu- 



10 

nicating outlet opening, said eluate outlet further 
having a generally frustro-conicai shape and a cen- 
tral bore passing therethrough; 

at least one of a plurality of porous polymeric disc- 
shaped filters horizontally disposed within said 
multi-stage column member and subtending said 
eluate outlet and at least one of said outlet openings 
of said plurality of chambers; 

at least one of a plurality of chromatographic separa- 
tory media packed within said generally tubular 
generally tubular column member, said chromato- 
graphic separatory media being selected dependent 
upon the materials to be separated wherein a differ- 
ent and distinct one of said at least one of a plurality 
of chromatographic separatory media is packed in 
each of said plurality of chambers of said multi- 
stage column member for separating different and 
distinct materials from a solution; 

a cap member having a generally cylindrical hollow 
lower stalk portion and a generally planar upper 
cap portion having a lower ring portion depending 
therefrom, wherein said lower ring portion has an 
inside diameter corresponding to an outside diame- 
ter of an upper rim portion of said generally tubular 
column member, 

a cap adapter having a generally cylindrical hollow 
upper portion, a generally cylindrical hollow 
lower portion depending therefrom and a radial 
flange extending outwardly from an upper surface 
of said generally cylindrical lower portion, said 
upper portion having outside diameter correspond- 
ing to an inner diameter of said generally cylindri- 
cal hollow lower stalk portion of said cap and said 
lower portion having an outside diameter corre- 
sponding to an inside diameter of an upper portion 
of said generally tubular column member, and 

an eluate receiving member disposed in fluid commu- 
nication with said generally tubular column mem- 
ber. 

21. The miniaturized column chromatography appa- 
ratus according to claim 20, wherein said generally 
tubular column member further comprises a unitary 
column member constructed of a chemically and ther- 
mally inert plastic material. 

22. The miniaturized column chromatography appa- 
ratus according to claim 20, wherein said porous poly- 
meric filter further comprises a plastic material selected 
from the group consisting of polyethylene, polypropyl- 
ene, polyether-polyurethane, polyester-polyurethane, 
polyolefin, polyvinylidene fluoride, ethylene-vinyl ace- 
tate, styrene-acrylonitrile and polytetrafluoroethylene. 

23. The rniniaturized column chromatography appa- 
ratus according to claim 20, wherein said chromato- 
graphic separatory medium is selected from the group 
consisting of ton exchange resin, ion exchange cellulose, 
ion exchange gel, sephadex, silica gel, alumina, hy- 
droxyapatite gel, phenylborate cellulose and affinity 
gel. 

24. The miniaturized column chromatography appa- 
ratus according to claim 20, wherein said cap portion of 
said capping means further comprises venting means 
disposed on said cap portion for alleviating negative 
pressure within said generally tubular column member 

during a separation run. 

***** 
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[57] ABSTRACT 

A mixture of chromatographic particles and a solution of 
water, alcohol and metal alkoxide may be injected by means 
of a syringe into a capillary column as a gel. The volatile 
components in the gel are evaporated by means of healing 
and gas pressure reduction to form a porous sol-gel glass 
matrix attached to the inner wall of the separation channel. 
The pores are large enough for the passage of protons, 
neutral and ionic species but are too small to permit signifi- 
cant leaching of the chromatographic particles. The separa- 
tion column so formed requires no frits to maintain the glass 
matrix in place in the column. Electrical potential difference 
and/or pressure difference may be applied to cause fluid flow 
in the separation column to cause electrophoretic and chro- 
matographic separation. 

29 Claims, 3 Drawing Sheets 
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SEPARATION COLUMN CONTAINING 
POROUS MATRIX AND METHOD OF 
PACKING COLUMN 

BACKGROUND OF THE INVENTION 

The invention relates to a separation system employing a 
column containing a porous matrix embedded with chro- 
matographic particles and a method of packing a channel 
with the matrix to make the column. 

Capillary zone electrophoresis (CZE), with its high peak 
capacity (i.e., the number of peaks separated per unit time), 
has long been proven to be an attractive analytical technique 
for separating ionic species by their electrophoretic mobili- 
ties. The separation of neutral species via CZE, however, has 
remained more problematic. To improve the separation of 
neutral species via capillary electrophoresis, the technique 
of capillary electrochromatography (CEC) has been 
employed, which is a promising technique that seeks to 
combine the advantages of capillary electrophoresis and 
chromatography as described in the article by M. T. Dulay 
et al. in Chromatogr. A. t 725 (1996) pp. 361-365). 

In CEC, the separation of uncharged analytes is based on 
partitioning of chromatographic particles such as 
octadecylsilica, while the separations of charged analytes 
are based on both partitioning and electrophoretic mobility. 
Existing techniques for the preparation of packed capillary 
columns are based on either a slurry packing method or an 
electrokinetic packing method of small-bore capillary col- 
umns. The electrokinetic packing method may be more 
advantageous than a slurry packing method for the prepa- 
ration of packed capillary columns with micron-sized inner 
diameters. Disadvantages of the electrokinetic packing 
method include the limited choices of chromatographic 
phases (i.e., only charged particles can be used) and the need 
for both inlet and outlet frits to prevent the chromatographic 
particles from leaving the capillary column. This causes the 
columns to be difficult and time consuming to make. 

It is therefore desirable to provide a separation column 
with improved characteristics and that are easy to make. 

SUMMARY OF THE INVENTION 

One aspect of the invention is directed towards a separa- 
tion column comprising a separation channel having a 
channel wall and a separation medium in the channel. The 
medium includes a porous matrix attached to the channel 
wall and chromatographic particles embedded in the matrix 
forming a packed channel. The channel has no frit therein 
adjacent to the separation medium. 

Another aspect of the invention is directed towards an 
apparatus for separating a sample into its components, 
comprising a separation channel having a channel wall; a 
separation medium in the channel, and means for causing a 
fluid containing a sample present in a channel to flow and the 
sample to separate. The medium includes a porous matrix 
attached to the channel wall and chromatographic particles 
embedded in the matrix, forming a packed channel. The 
channel has no frit therein adjacent to the separation 
medium. 

One more aspect of the invention is directed towards a 
method for making a separation column, comprising intro- 
ducing a mixture of chromatographic particles and a solution 
of a monomer and a cross-linking reagent into a separation 
channel, such channel having a wall; and causing the mix- 
ture to form a porous matrix attached to the channel wall 
with said particles embedded therein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially cross-sectional and partially sche- 
matic view of a section of a separation column along a 
longitudinal axis of the column and of a needle portion of a 
syringe for injecting a mixture of chromatographic particles 
and a solution of water, alcohol and a metal alkoxide into the 
column to illustrate a preferred embodiment of the inven- 
tion. 

10 FIG. 2 is a cross-sectional view of a portion of the column 
of FIG. 1 along a longitudinal axis of the column, where the 
volatile components in the mixture injected into the column 
have been removed to form a porous sol-gel with chromato- 
graphic particles embedded therein to illustrate the inven- 
ts ti° n * 

FIGS. 3A and 3B are cross-sectional views of the sepa- 
ration column shown in FIG. 2 along the line 3 A, 3B-3A, 3B 
in FIG. 2 to illustrate two different embodiments of the 
separation column. 
20 FIG. 4 is a partially schematic and partially cross- 
sectional view of a separation system employing the sepa- 
ration column of FIG. 2 to illustrate a preferred embodiment 
of the invention. 
FIG. 5 is a schematic view of a system for making the 
25 separation column of FIG. 2. 

FIG. 6 is a cross-sectional view of a portion of a separa- 
tion column along a longitudinal axis of the column to 
illustrate another embodiment of the column and an alter- 
native method for packing the column. 

For simplicity in description, identical components are 
labeled by the same numerals in this application. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

35 

In the preferred embodiment, this invention employs a 
metal alkoxide sol-gel process. The metal alkoxide sol-gel 
process is a method of preparing metal oxide glasses by 
hydrolyzing a solution of water, alcohol, and a metal alkox- 

4Q ide source. The sources of these metal oxides, or silanes, are 
the alkoxy compounds of type R„Si(OR%_ rt as described by 
C. J. Brinker et al. in Sol-Gel Science, Academic Press, Inc., 
New York, N.Y., 1990. The most commonly used of these 
compounds is tetraethylorthosilicate (TEOS, Si(OC 2 H 5 ) 4 ), 

45 although other compounds such as titanates, and zirconates 
may also be used for this invention. As these substances 
polymerize, gelation of the solution occurs. If the volatile 
solvents in the wet gel are allowed to evaporate, the gel 
shrinks and hardens, creating a hard porous glass. 

50 Since sol-gel glasses are formed from solution, other 
molecules can be embedded inside the pores or inside the 
cavities created. When the solvent evaporates from the gel, 
the glass that is created is porous. The porosity of the glass 
allows for the diffusion of protons (and other neutral or ionic 

55 species) through the channels. These pores, however, must 
be large enough to allow species diffusion, but small enough 
that significant amounts of chromatographic materials can- 
not leave the xerogel matrix. 
FIG. 1 is a partially cross-sectional and partially sche- 

60 matic view of a portion of a separation column 12 along a 
longitudinal axis of the column and a needle portion U of a 
syringe (not shown) injecting a mixture 13 of chromato- 
graphic particles and a solution to illustrate the preferred 
embodiment of the invention. As shown in FIG. 1, a needle 

65 portion 11 is used to inject into a channel within a tube 12, 
a mixture 13 of chromatographic particles in a solution of 
water, alcohol and a metal alkoxide. This mixture forms a 
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wet gel 13 in tube 12. After the volatile solvents in the wet 
gel 13 have evaporated, the gel 13 shrinks and hardens, 
creating a hard porous glass 13' shown in FIG. 2. 

FIG. 2 is a cross-sectional view of column 12 along a 
longitudinal axis of the column and the hard porous glass 13' 
in the column resulting from evaporation of the volatile 
solvents in the wet gel 13 of FIG. 1. As shown in FIG. 2, 
glass 13' includes pores 4 and chromatographic particles 6 
embedded therein. As noted above, the porosity of the glass 
13' allows for the diffusion of protons and other neutral or 
ionic species, but small enough that significant amounts of 
chromatographic particles 6 cannot leave the glass matrix 
13'. Glass 13' forms a secure bond to the inner wall of the 
tube 12, so that no frit is required adjacent to the glass 13' 
to maintain the matrix glass 13' in place in tube 12. While 
pores 4 are big enough to allow diffusion of protons, neutral 
and ionic species, they are too small for most of the 
chromatographic particles 6. This prevents leaching of the 
particles when a fluid is passed through the glass matrix. 
Thus, when a sample is carried by fluid through glass 13', the 
sample components will interact with the chromatographic 
particles 6 and become partitioned or separated. 

Tube 12 can have many different cross-sections, such as 
a circular cross-section shown in FIG. 3A, the cross-section 
being normal to a longitudinal axis of the tube, shown as 
tube 12'. Alternatively, tube 12 can have an elongated 
cross-section as shown in FIG. 3B, where the tube is formed 
by two flat plates 12" where the tube is formed by sealing the 
adjacent edges of the two plates by means of an adhesive 15. 
Such and other cross-sections are possible for tube 12 and 
are within the scope of the invention. In some embodiments, 
the internal dimension of tube or channel 12 may range from 
about 5 to about 3,000 microns. Where tube 12 is a capillary, 
its internal dimension may range from about 5 to about 300 
microns. 

Chromatographic particles 6 may comprise uniformly 
sized particles of the same type, or a mixture of different 
types of particles of different sizes. Preferably, the particles 
are of dimensions greater than 0.2 microns. 

FIG. 4 is a partially schematic and partially cross- 
sectional view of a separation system employing a column 
12 to illustrate the preferred embodiment of the invention. 
As shown in FIG. 4, the inlet end 12a of the column is 
immersed in an electrolyte buffer 14 contained in a reservoir 
16. The outlet end 12b is immersed in an electrolyte buffer 
in reservoir 18. An electrical potential of several kilovolts is 
applied by high voltage source 20 through electrodes 30 
between electrolyte buffer 14 in input and output reservoirs 
16, 18, causing a potential difference and electric field along 
the column 12. Such potential difference causes an elec- 
troosmotic flow in tube 12 from reservoir 16 towards 
reservoir 18. A sample may be introduced into inlet 12a by 
means known to those skilled in the art, such as by gravity 
or by electrokinetic injection. Such sample would be caused 
to separate in tube 12 due to electrophoresis. In addition, the 
interaction between the sample components (which may be 
uncharged or neutral electrically) and the chromatographic 
particles 6 in the glass matrix 13' causes chromatographic 
separation of the components as well. 

Instead of, or in addition to, the use of electrical potential 
to cause fluid flow in column 12, the fluid flow can also be 
caused by applying a pressure differential along the column 
12, which, in addition to or instead of the electric field 
applied along the column, causes fluid flow from reservoir 
16 to reservoir 18. This can be performed by using an 
enclosed reservoir 16 except for an inlet 16a, through which 
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gas pressure is applied as shown in FIG. 4. The gas pressure 
may be supplied by means of a pump (not shown) for 
example. The gas pressure applied through inlet 16a causes 
buffer 14 to be pushed downward and the buffer to flow into 

5 the inlet 12a and column 12 to reservoir 18. Instead of using 
a pump to apply a pressure differential in column 12, a 
pressure differential may also be applied by raising the 
column inlet \2a to a position 12a' at an elevation higher 
than the outlet end 12b of the column, as shown in dotted 

10 lines in FIG. 4. Thus, as shown in dotted lines, the new 
positions of the inlet 12a' of the column, of reservoir 16 1 
containing buffer 14' and electrode 30' immersed in the 
buffer in reservoir 16' are all at elevations above the outlet 
end 12b of the column. Alternatively, instead of raising the 

1S inlet end 12a, the same goal can be achieved by lowering 
outlet end 12b of the tube, by lowering reservoir 18, elec- 
trode 30 in such reservoir and end 12b. Or, the pressure in 
reservoir 18 can be reduced by means of a pump (not shown) 
to one below that of reservoir 16 to achieve a pressure 

20 differential between ends 12a, 126, and to create fluid flow 
in tube 12. 

In the embodiment of FIG. 2, only a portion of the column 
12 is filled with the porous glass with chromatographic 
particles embedded therein, and the remaining portion of the 

25 column is not filled with the porous glass. In an arrangement 
similar to that in prior detection schemes, the separated 
sample components may be detected optically, such as by 
laser induced fluorescence as described in U.S. Pat. No. 
4,675,300 in a transparent column portion 12f that is trans- 

30 parent to radiation and downstream from glass 13* as shown 
in FIGS. 2 and 4. As shown in FIG. 2, the portion 12r does 
not contain any of the chromatographic particles present in 
glass matrix 13* and transmits radiation without significant 
scattering, such as UV or visible light The sample compo- 

35 nents passing through such portion 12/ may be illuminated 
by means of radiation along arrow 50 to induce fluorescence, 
where the induced fluorescence may be detected by means 
of a detector 17 preferably placed away from the path of 
radiation 50. This is shown schematically in FIG. 4, where 

40 a detector 100 detects the separated sample components at 
location 12c. When detector 100 detects the sample com- 
ponents by means of laser induced fluorescence, the sample 
components may need to be first tagged by means of a 
fluorophore and detector 100 includes a laser source as well 

45 as a photodetector. 

In order to facilitate the evaporation of the volatile 
solvents in mixture 13 in FIG. 1, the tube 12 containing 
mixture 13 may be placed in an oven chamber 150 as shown 
in FIG. 5. Tube 12 is supported by a pedestal 152 in the oven 

50 chamber and heat is applied by a heating coil 154 through 
which a current is passed by means of a power supply 156. 
To further facilitate the evaporation of volatile solvents, the 
gas pressure in oven chamber 150 is reduced by means of a 
pump 160. While both heating and reduction of gas pressure 

55 may be used together to accelerate the evaporation of 
volatile solvents, heating may be used without pressure 
reduction and vice versa; all such variations are within the 
scope of the invention. When the volatile solvents have 
evaporated, mixture 13 then forms a porous sol-gel glass that 

60 is attached securely to the inner walls of tube 12, with the 
chromatographic particles 6 embedded therein. It has been 
found that in some instances, a hardened porous sol-gel glass 
may form in about 24 hours. 
To achieve a more uniform distribution of the chromato- 

65 graphic particles in the sol-gel, it may be desirable to agitate 
the mixture 13 when the volatile components are escaping 
from the mixture. This can be done for example by rotating 
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the tube along arrows 158, shaking the tube along arrows 
162, or supplying ultrasonic pulses along arrows 164 from 
an ultrasonic source (not shown) as shown in FIG. 5 in a 
manner known to those skilled in the art. 

With this monolithic packing method, chromatographic 
materials that are charged and uncharged in nature can be 
embedded into the sol-gel matrix. Different functionalized/ 
derivatized sol-gel precursors can be used to prepare sol-gel 
glasses with different physical properties, such as pore size 
and surface charge. The pore size may be selected by 
choosing an appropriate sol-gel precursor. For example, to 
obtain larger pores, tetramethylorthosilicate may be used as 
the precursor instead of tetraethylorthosilicate indicated 
above. 

Mixture 13 may be prepared as follows. Micron or 
submicron sized chromatographic particles, such as octade- 
cylsilica may be added to a solution of water, alcohol, acid 
(optional) or base (optional) and a metal oxide source. The 
metal oxide source may include a silicate, titanate or zir- 
conate. The resulting solution or mixture 13 formed is 
injected by syringe into a column and heated overnight. No 
pre-fabricated frits is required. 

Instead of using a syringe to inject the mixture 13 into a 
channel as described above in reference to FIG. 1, the 
mixture 13 may be introduced by means of a pressure 
differential as illustrated in FIG. 6, which is a cross-sectional 
view of a tube 12 along a longitudinal axis. As shown in FIG, 
6, a pressure differential is applied between the inlet end 12a 
and outlet end I2b t such as by means of a pump (not shown), 
in order to introduce a mixture 33 of water, alcohol, acid 
(optional) or base (optional) and a metal oxide source, 
without chromatographic particles embedded therein, fol- 
lowed by a mixture 13 of chromatographic particles with a 
solution such as solution 53, which is again followed by 
solution 53 to fill tube 12. Solution 53 and mixture 13 are 
then treated in the manner described above in reference to 
FIG. 5 to remove the volatile components and to form a 
porous sol-gel throughout the column 12. Only the section 
12d of the tube containing the porous sol-gel glass with 
chromatographic particles embedded therein is used for 
chromatographic separation. The remaining sections of the 
tube next to section Md contain a porous sol-gel glass 
containing no chromatographic particles and, therefore, do 
not scatter light used for detection, so that the scheme 
illustrated in FIG. 4 above may be used for detecting 
separated sample components in a similar manner employ- 
ing the column of FIG. 6 that has been filled by a porous 
glass. The column 150 of FIG. 6 is advantageous in that the 
entire tube is filled by the porous sol-gel glass so that there 
will no significant pressure differential between the fluid in 
the porous glass in section 12d and that in the porous glass 
in the remaining sections of the tube. This enhances sepa- 
ration performance. 

The pressure differential between the inlet and outlet ends 
12a, Mb may be created in many ways, such as by pushing 
(i.e. by increasing pressure) the mixtures 53, 13 into the inlet 
end 12a, or by reducing the gas pressure at outlet end Mb 
to draw in solution 53 and mixture 13 as described (since 
such solution and mixture are under the higher atmospheric 
pressure at end 12a), by means of a pump (not shown). The 
inlet end 12a may also be placed at a higher elevation 
compared to outlet end \2b so that solution 53 and mixture 
13 may be introduced by hydrostatic pressure differential. 

The packed "fritless" column columns 12 will facilitate 
the analysis of complex mixtures that may contain charged 
and/or uncharged compounds. The separation of a mixture 
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of uncharged organic compounds has been demonstrated 
using a column packed in this manner. Advantages of the 
disclosed method include (i) easy and rapid injection of the 
hydrolysis reaction solution into the column, (ii) the elimi- 

5 nation of inlet and outlet frit fabrication, (iii) incorporation 
of charged or uncharged chromatographic materials in the 
sol-gel matrix, (iv) UV transparency of the sol-gel glass, (v) 
potential for automation of many samples, and (vi) potential 
for large-scale preparative use. This results in a total column 

10 preparation time of approximately 24 hours and avoids the 
use of high pressures for post-column conditioning. The use 
of high voltages is also avoided during column preparation. 
This system is superior to both the electrokinetic and slurry 
packing methods. 

15 Instead of using a sol-gel process as described above, 
other types of polymerization processes may be used, such 
as that described in the article "Macroporous 
Polyacrylamide/Poly(ethylene glycol) Matrixes as Station- 
ary Phrases in Capillary Electrochromatography," by Anders 

20 Palm and Milos V. Novotny, Analytical Chemistry, Vol. 69, 
No, 22, Nov. 15, 1997, pp. 4499^507; or the articles by P. 
G. Righetti, B. C. W. Brost and R. S. Snyder, in J. Biochem. 
Biophys. Methods, 1981, No. 4, pp. 347-363, and by P. G. 
Righetti, S. Caglio, S. Saracchi and M. Quaroni in 

25 Electrophoresis, 1992, No, 13, pp. 587-595. As described in 
these three articles, a porous matrix may be formed by 
polymerizing a solution of a monomer and a cross -linking 
reagent or initiator. If said solution is mixed with chromato- 
graphic particles and such mixture is used instead of mixture 

30 13 to form the porous matrix with chromatographic particles 
embedded therein, such matrix may also be used in a 
separation column for separating a sample into its compo- 
nents in the manner described above. When such a mixture 
is polymerized, the matrix forms a secure bond to the inner 

35 wall of the separation channel so that no frit is necessary to 
keep the matrix in place. The pores formed are big enough 
to permit diffusion species but small enough to prevent 
significant leaching of the chromatographic particles trapped 
therein. The porous matrix without the particles is transpar- 

40 ent to radiation so that the configuration of FIG. 6 described 
above may be used, where the entire tube is filled with the 
porous matrix but only a section of the matrix is embedded 
with chromatographic particles. In this manner, the sepa- 
rated components may be detected downstream from the 

45 particles by a detector in a known manner, such as by means 
of laser induced fluorescence detection. The above- 
described method for introducing the mixture 13 may also 
be used for introducing a mixture of the particles with other 
types of monomers and cross-linking reagents (optional), 

50 such as acrylamide or ethylene glycol and an optional base 
or acid acting as a crosslinking reagnet. 

A porous matrix (whether or not embedded with particles) 
may be formed by heating or supplying radiation to a 
solution of a monomer such as acrylamide or ethyleneglycol 

55 and a cross- linking reagent (optional) such as a base or acid 
to form a macroporous polyacrylamide or poly(ethylene 
glycol) matrix. The polymerization is achieved thermally or 
by photochemistry. In reference to the article by Palm and 
Novotny, since chromatographic particles are used in this 

60 invention for sample separation, there is no need in this 
invention to include alkyl ligands as described in the Palm 
and Novotny article. Polymerization techniques different 
from the above may also be used for forming the porous 
matrix; such and other variations are within the scope of the 

65 invention. 

While the invention has been described above by refer- 
ence to various embodiments, it will be understood that 
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different changes and modifications may be made without 16. The apparatus of claim 15, said channel filled with a 

departing from the scope of the invention, which is to be porous matrix. 

defined only by the appended claims and the equivalents 17. The apparatus of claim 13, said device causing the 

thereof. sample to pass through the second section, said apparatus 

What is claimed is: 5 further comprising: 

1. An separation column comprising: means fof applying radiation t0 the sample m the second 
a capillary separation channel having a channel wall; and section* and 

a separation medium in the channel, said medium includ- means for ' detecting radiatiorl from the ^nd section to 

ing a porous matrix attached to the channel wall and ^ ents of the le ^ thr h the 

micron or submicron sized chromatographic particles second section 

embedded in the matrix forming a packed channel, said ^o^n. *. ' r i • n *j i 

, . , . . . 4 lL . .j * • . i j. 18. The apparatus of claim 11, said causing means apply- 

channel havmg no fnt therein, said matrix including a . .. . , . , 

j ass & ing an electric field along the channel, so that the sample 

2. Th? column of claim 1, said column having an IC ^ a *f ^ electrophoresis and chromatography, 
internal dimension in the range of between 5 and 5,000 15 19 ™ e apparatus of claim 11, said device applying a 
microns. pressure differential along the channel, so that the sample 

3. The column of claim 1, said channel having an elon- separates by chromatography. 

gated cross-section. 20. The apparatus of claim U, said causing means apply - 

4. The column of claim 1, said column having a first ing both an electric field and a pressure differential along the 
portion that is filled with said separation medium and a 20 channel, so that the sample separates by electrophoresis and 
second portion adjacent to said first portion that transmits chromatography. 

radiation. 21. The apparatus of claim 11, wherein said matrix has 

5. The column of claim 4, wherein said second portion pores therein large enough for passage of neutral and 
does not contain said separation medium. charged species but too small for passage of the chromato- 

6. The column of claim 1, wherein said matrix has pores 25 graphic particles. 

therein large enough for passage of neutral and charged 22. The apparatus of claim 11, said particles being larger 

species but too small for passage of the chromatographic maa 0 2 micron in dimensions. 

particles. 23. The apparatus of claim 11, wherein said glass includes 

7. The column of claim 1, said particles being larger than 3o a silicate> titanate or zirconate , 

0.2 micron in dimensions. 24. The apparatus of claim 11, said column being filled 

8. The column of claim 1, said particles being a mixture ^ a us m ^ sM maUix hayi embeddcd thercin 

of different types of particles of different sizes. « , J. t . 7. * . 

„ t, , * 1 • 1 u * ji - ij chromatographic particles in only a section of the column. 

9. The column of claim 1, wherein said glass includes a * . , . . 
silicate, titanate or zirconate. 25 * ^P^tion column comprising: 

10. The column of claim 1, said column being filled with 35 a capillary separation channel having a channel wall; and 
a porous matrix, said matrix having embedded therein a separation medium in the channel, said medium includ- 
chromatographic particles in only a section of the column. ing a porous matrix attached to the channel wall and 

11. An apparatus for separating a sample into its micron or submicron sized chromatographic particles 
components, comprising: embedded in the matrix forming a packed channel, said 

a capillary separation channel having a channel wall; matrix including an a glass material, 

a separation medium in the channel, said medium includ- 26. A separation column, useful for separating different 

ing a porous matrix attached to the channel wall and species in a sample, comprising: 

micron or submicron sized chromatographic particles a capillary separation channel having a channel wall; and 

embedded in the matrix, forming a packed channel, 45 a glassy, porous matrix attached to the channel wall, the 

said channel having no frit therein, said matrix includ- matrix having micron or submicron sized chromato- 

ing a glass; and graphic particles embedded in the matrix, the particles 

a device causing a fluid containing a sample present in the adapted to interact with species in the sample and to 

channel to flow and the sample to separate. cause separation of sample species when passed 

12. The apparatus of claim 11, said channel being a 50 through the matrix. 

capillary having an internal dimension in the range of 27. The column as in claim 26 wherein the channel is a 

between 5 and 300 microns. capillary having an internal dimension defined by a capillary 

13. The apparatus of claim 11, said channel having a first wall and being from about 5 to about 300 microns, 
section that is filled with said separation medium and a 28. The column as in claim 27 wherein the matrix entirely 
second section adjacent to said first portion that transmits 55 fills the capillary in at least a first section thereof, 
radiation. 29. The column as in claim 28 wherein attachments 

14. The apparatus of claim 13, wherein said second between capillary wall, matrix and the particles embedded 
section does not contain said separation medium. therein are sufficient to maintain the matrix and embedded 

15. The apparatus of claim 13, said second section con- particles within the capillary without a frit, 
taining a porous matrix not embedded with chromatographic 60 

particles. # * * * * 
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ABSTRACT OF THE DISCLOSURE 

A graft copolymer chromatography column substrate 
material or column packing material, comprising poly- 15 
trifluorochloroethylene powder having copolymerized and 
crosslinked polyethylene glycol and styrene chemically 
bonded to the powder particle surfaces to confer upon 
the material hydrophilic and organophilic properties for 
improved retention and transmission of organic and aque- 20 
ous eluant phases in chromatographic columnar and non- 
chromatographic liquid-liquid partitions. 
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The present invention relates to liquid-liquid partition 
chromatographic column support media in the form of 
dense chemically inert polymer particles having a co- 
polymerized mixture of monomers, having hydrophilic 
and organophilic properties, attached by valence bonds 
grafted to the surfaces thereof. 

Liquid-liquid extraction is a technique which has been 
employed for decades for separating chemical species. 
Today, extensive compilations of solubility data and 
distribution coefficients are readily available in the litera- 35 
ture. Since, for any two distinct chemical species, regard- 
less of similarity, there exists one or more solvent pairs 
for which the distribution coefficients of these species are 
different, coupled with the ready access to such data in 4Q 
the literature, liquid-liquid extraction is today a most 
versatile tool for separating compounds in solution. 

The basic approach to liquid-liquid extraction is, of 
course, to thoroughly mix two or more solvent phases 
including the chemical species to be separated in a 
conventional separatory funnel so that there is a differ- 
ential partition of chemical species between the phases, 
and to physically separate the phases having different 
chemical species or concentrations thereof to provide a 
separation of such species. If the distribution coefficients rQ 
of the species are sufficiently different, they can be a 
separated in a few successive extractions which are easily 
carried out in a separatory funnel. However, for sepa- 
rating compounds which have similar characteristics and 
accordingly similar distribution coefficients, an undue fir 
number of successive separations is required which renders 00 
the use of separatory funnels impractical. 

Description of the prior art 

Various automated flow systems have been developed 
which are capable of satisfactorily fractionating mixtures 
of various compounds including those very similar solvent 
properties. Another approach to the problem is to utilize 
what has become known as reverse phase partition choma- 
tography. In this process, one liquid phase is absorbed 
onto a substrate support in a chromatographic column, 
forming a more or less stationary liquid film, and then 
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another liquid, the mobile phase, is transported in pro- 
gressive contact past the stationary phase. The different 
chemical species are continuously redistributed between 
the mobile and liquid phases, and become separated be- 
cause the individual species have different distribution 
properties between the phases and therefore progress 
through the column at different velocities, e.g., in the 
order of their relative affinities for the mobile phase. The 
theory and detailed mechanism of reverse phase partition 
chromatography is described in the literature, e.g., in an 
article entitled "Chromatography," Encyclopedia of 
Chemical Technology, published by Intersrience Publish- 
ing Company, page 413. 

The packing material which serves as substrate for 
adsorption of the stationary phase is generally a sub- 
stance which has a high affinity for one of the extraction 
liquids and not the other. One packing material commonly 
used is a finely divided fluorocarbon polymer. By their 
very nature, i.e., finely-divided particulate loading, the 
columns offer a high impedance to the flow of the mobile 
phase. To overcome this impedance, the mobile phase 
may be forced through the column under pressure, e.g., 
by the use of compressed air in the headspace in the 
mobile phase liquid reservoir. It is this circumstance, i.e., 
that the mobile phase must be pressurized, which pro- 
vides a major source of trouble which limits the useful- 
ness of columnized liquid-liquid extraction. For example, 
pressurizarion requires a host of auxiliary equipment, 
such as gas pressure reservoirs, pressure lines, leak tight 
connections, manometric equipment and the like, which 
is troublesome, per se, in operation. Far more serious, 
however, is the danger that all or part of the column will 
run dry, which occurs when the level of the mobile phase 
falls below the column entrance. Since this- destroys the 
requisite separation conditions in the column, it is always 
necessary to monitor the liquid level in some manner, 
leading to additional complication. Moreover, if more 
than one mobile phase fluid or eluant are necessary in 
the separation, all problems are multiplied and the pro- 
cedure becomes increasingly cumbersome and time-con- 
suming. Accordingly, practical use of reverse phase par- 
tition chromatography, a potentially versatile and effective 
procedure, has been limited almost exclusively to sepa- 
rating substances having very similar distribution coeffi- 
cients, and preferably with separation schemes employing 
a minimal number of eluant phases, since the tedious 
and time-consuming nature of the operation cannot 
otherwise be economically justified. 

There are also known in the polymer art, although not 
in association with column substrates for liquid-liquid ex- 
tractions, certain graft copolymers which consist of two 
or more monomer types having hydrophilic and hydro- 
phobic or organophilic character. These substances have 
the rather interesting property that they interact with both 
organic and polar liquids. However, these materials have 
not in the past been particularly useful as packing mate- 
rials for chromatographic columns due to their low 
chemical stability and high solubilities in certain solvents. 

I have attempted to enhance the chemical stability of 
graft polymers having mixed hydrophobic and hydro- 
philic functional groups by crosslinking such compounds, 
e.g., by polymerization under the influence of ionizing 
radiation and/or suitable initiators. While I have found 
that the polymers so treated are indeed able to withstand 
the action of organic and inorganic fluids of wide pH 
ranges, their performance as column substrates has been 
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disappointing because the concentration of the various polar organic phase, and another type bearing functional 

chemical species discharged in the effluent decreases too groups which attract the second extraction liquid, which 

slowly with time from a maximum to zero. This condition may be a polar liquid, such as water. Throughout the pres- 

is known in the art as "tailing," which is descriptive of the ent application, the term hydrophilic is used, since, as a 

shape of the output concentration vs. discharge time - practical matter, In the overwhelming majority of liquid 

graph. Ideally, the concentration of any species fed into extractions, water is used as the eluant phase. It is to be 

the column should rise abruptly to a maximum and drop understood, however, that any non-aqueous eluant could 

back to zero quickly at a distinct point in the liquid flow- be used as well, together with the appropriate sidechain 

ing through the column. Due to the tailing phenomenon material having wetting characteristics with respect to this 

noted above, successive output peaks overlap, which over- 10 eluant. These molecular fragments are copolymerized with 

lapping, i.e., intermixing, comprises the purity of the the substrate material and also among themselves, in an 

individual species collected. Although not completely intimately intermixed order, both types of sidechains being 

understood, it is believed that the highly convoluted bonded to the surface of any one base particle in order to 

microstructure of the crosslinked materials traps some of offer both liquid phases a continuous maze of adjacent 

the solute molecules and releases them only slowly to the 15 sites capable of attracting or having selective affinities for 

mobile phase. In any event, such crosslinked materials particular solute materials extending throughout the bulk 

have not been found especially suitable as liquid-liquid of the packing material as assembled in a column. I have 

partition chromatographic column substrates. found that, by virtue of this bulk structure of a quantity of 

Accordingly, a principal object of the present invention the material, the present graft copolymers are capable of 

is to provide a support substrate for liquid-liquid partition 20 firmly adsorbing several immiscible liquids. Still more 

chromatographic columns which is capable of absorbing important, both type liquids flow freely and with little 

the stationary liquid phase, and will offer little or no hindrance through the interstices of the substrate material, 

resistance to the flow of the mobile phase. Thus, a column packed with the present surface grafted 

Another object of the invention is to provide a sub- polymeric particulate substrate, saturated with the liquids, 

strate material which is chemically inert, is insoluble in 25 can effectively transmit solvent fluid or fluid mixtures 

a wide range of organic and inorganic solvents, including merely by the force of gravity alone, e.g., without pres- 

strong acids and bases, and which will not give rise to the surization of any kind, and without running dry. It is this 

condition known as "tailing." property which makes the present graft copolymer pack- 

A still further object of the invention is to provide a iags ideally suited for liquid-liquid partition or extraction 

method for rapidly carrying out a columnar liquid-liquid 30 chromatography. 

partition separation of solute species which differs mark- In principle, the class of substituents which may be uti- 

ecfly in their distribution coefficients. lized to produce the particle surface grafted copolymers 

These and other objects will become apparent upon outlined in the above description encompasses essentially 

consideration of the following specific description, in selected polymerizable monomers having the required 

conjunction with the drawings, in which: 35 solvent-attracting properties and capable of undergoing a 

FTGURE 1 represents a preferred liquid-liquid ex- S ra ft copolymer forming reaction, with the particle base 

traction column for separating substances which differ polymer being any of those suitable for use with or com- 

substantially in their distribution coefficients; and patible with the solvents to be employed in the extraction 

FIGURE 2 is a graph of various rare earth elution process. In general, fluorinated polymers such as poly- 
peaks obtained by separating the rare earth elements by 4 0 fluoroethylene or polyhalo polymers such as porytrifluoro- 
means of liquid-liquid extraction through the present chloroethylene are preferred, since they are insoluble in a 
substrate materials. large number of solvents. Under less demanding condi- 
„ tions, polyethylene, polypropylene, polyvinylchloride or 
nummary thc Jikc ^g^t fc e employed. Specific materials useful for 

A principal aspect of the present invention is in the 49 any one liquid-liquid extraction are thus ultimately deter- 
provision of a unique family of graft copolymers which mined by the solvent-liquids of the stationary and eluant 
comprise a base of dense macro particles of a polymeric, phases used in the extraction procedure. Given the sol- 
relatively inert material, such as polytetrafluoroethylene vents, one can thus choose an appropriate base material 
and polytrifluorochloroethylene which is modified in its and sidechain constituents from the comprehensive tabula- 
chemical and surface properties by the provision of se- 50 tions of requisite properties avilaable in the literature, 
lected polymeric functional substituent sidechains which Some common solvents and appropriate materials for syn- 
are chemically bonded to the surface of the dense base thesizing a packing material useful for each are given in 
particles to provide the requisite properties. As used in the table below, 
the context of the present application, with reference to table I 

the nature of the base material, the term "macro particle** 55 z~. 

is used to indicate that the base material is not present SoIVBnt Poiymartype (for Chains) 

in a stoichiometric adsorptive or reactive quantity, but Water and -wrter mtodbU Poly (ethylene glycol). 

rather is in the form of a dense solid particle having an ** c ° m *' pSBSSSmS?' 

impermeable solid core polymeric resin material. The Poiyacryiamide. 

sidechain substituents are attached to the surface of the 6 0 s ^^ ld t Mtrlns and othor poly ' 

core of the substrate particle, rather than to any particu- ^ , Cellulose. 

lar position on the molecules making up the core. The size BSffi^^^:™::::: 

.of the "macro particles," while not especially critical. Oarbon disulfide Poiytmethyi acryiate). 

generally ranges between 100 and 325 mesh. The term iSSSSSSSfc::™~::::~~: SSSMStt 

dense 1 is used to denote the property of being relatively ««? Tetrahydroforan Polystyrene. 

impermeable to solvent*, be it due to the crystalline struc- ^SSfS^-~V~: rZ&$™$&$. 

ture of the material, close interatomic distances, or elec- ~„ v Pciyfn-butyl acryiate). 

trical properties This bulk property can be empirically SBgBSS^Z:™::.- pSK&hSSSS). 

determined by the degree of swelling of the base material n . Poiy(n-butyiacryiato). 

in solvents, which degree of swelling should be well below ro SSSSK^:::::::::::"::: pSiydSyi siioxanc 

about 1% by weight. Toluene Polymethylmethacrylate). 

The sidechain substituents comprise at least two prin- WS^^""Z"- fSgteSffig* 

cipal types of molecular fragments, eg., one type bearing Dichioroethane Polyvinyl aetate)". 

functional groups which are adsoiptive with respect to one tSSSSSS^SmSSSS^. 

of the liquid phases in the extraction system, e.g., a non- js Poiyfe-butyl acryiate). 
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The weight relationships of the sidechain and base par- 
ticle constituents are determined by the weight increase of 
the base polymer after grafting and thorough separation 
of the grafted product from the unreacted residue. The 
total percentage of both grafted sidechain constituents - 
should be between about 2% by weight to about 18% by 
weight of the total. These weight ratios are not too well 
denned. In the lower percentage region, e.g., a sidechain 
content of up to about 5% by weight, the bulk behavior of 
the material improves progressively, both with respect to 10 
the quantity of stationary phase retained and the flow rate 
of eluant passing through the graft. The optimum behavior 
of the column packing material is between about 10 and 
12% by weight of sidechain constituents. At around 18 
to 20% by weight, the "tailing*' problem referred to above 15 
sets in, which is thought to be due to the increased mate- 
rial thickness and volume occupied by the sidechain con- 
stituents, which appears to become large enough to entrain 
and delay some of the eluate. 

Since the determination of the weight ratio of hydro- 20 
philic and organophilic sidechains is very difficult to 
determine by analysis of the graft copolymer, it is prefer- 
able to state this weight relationship in terms of their 
concentration in the reaction mixture prior to co polym- 
erization, although the amounts ultimately grafted to 26 
the substrate depends on -a number of variables, as further 
discussed below. On the basis of the starting concentra- 
tions the ratio between the hydrophilic and organophilic 
material is between about 1:3.5 and about 1:1. As de- 
termined by material balance methods, a very satisfactory 30 
column material Jias a ratio of about 1:1.5 of grafted 
hydrophilic and organophilic sidechains. 

From the materials given in the table and on the basis 
of state of the art knowledge regarding compatibilities 
and behavior of chemical compounds, a large class of 35 
packing materials can be synthesized, each one of which 
being adequate for use with some specific solvent pair. 
For example, for the common extraction system, di- 
methylformamide (DMF) -water, where DMF is the usu- 
ally stationary phase and water the eluant phase, a 40 
medium having a mixture of polyacrylonitrile and poly- 
acrylamide copolymerized and grafted as a surface layer 
upon poly tetrafluoro ethylene particles could be employed. 
The polyacrylonitrile sidechains serve to adsorb the sta- 
tionary DMF phase, whereas the polyacrylamide portion 45 
of the graft copolymer attract and guide the aqueous 
phase. Hie method of synthesizing these graft copolymers 
is discussed in detail below. While this graft copolymer is 
an excellent support for the DMF-water system, it should 
not be used at extreme pH values, due to the fact that 50 
the sidechain materials tend to hydrolize. 

Many of the combinations of sidechain materials and 
base materials are highly specific, in the sense that they 
may work well with a few solvent systems, but not with 
others. 55 

However, I have also developed a preferred substrate 
material which can toe used with a wide variety of solvent 
systems. This preferred substrate material comprises a 
base of polytrifluorochloroethylene in the form of a 
powder of a size between 100 and 325 mesh. In the GO 
preferred substrate, the sidecbains which are grafted to 
the base particle surfaces are comprised of polyethylene 
glycol and polystyrene and copolymers thereof, herein- 
after referred to as poly (ethylene glycol-g-styrene). The 
polymeric composite particle substrate obtained by the 65 
foregoing procedure is attacked only by very caustic 
chemical agents, such as powerful oxidizing agents in 
strong acid solution by virtue of the complete absence of 
reactive functional groups or other reactive sites therein. 
Thus the substrate material can be used universally in 70 
extraction chromatography without degradation, i.e., even 
with highly acidic and basic media. 

The polyethylene glycol constituents are hydrophilic, 
and have an affinity for polar liquids and solvents gener- 
ally, whereas the polystyrene chain portions have an 75 
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affinity for and attract organic and non-polar solvents 
and liquids. By virtue of the impermeability of the poly- 
trifluorochloroethylene base particles to the solvent or 
liquids in contact therewith, the effective interstitial space 
accessible to solvent interaction in the bulk of the mate- 
rial is limited to sites situated between the grafted adja- 
cent sidechain layer on the surface of the particles. The 
eluant phase is held in these interstitial spaces by the 
adsorptive properties of the sidechains and by capillary 
action, providing a persistent superficial layer of fluid 
therein. Accordingly, while excess liquid of either type 
will freely migrate through the bulk, displacing the ad- 
sorbed fluid along the sequence of sites which attract 
it in accord with usual chromatographic column opera- 
tion, the substrate does not run dry since at least a per- 
sistent surface layer of fluid remains imbibed in the grafted 
copolymer layer. On the other hand, this layer of grafted 
copolymer which is provided on the surface of the sub- 
strate particle is of a thickness and of a structure such 
that rapid interchange with little delayed holdup occurs 
on contact with the partition solvent system, so that rapid 
and efficient separation or adsorption of solutes occurs 
without undue "tailing." 

Synthesis of column support materials 

In general, the crucial step in the synthesis of the 
present column packing materials is the copolymerization 
and grafting of the ingredients of the surface layer of 
the packing material, since it ultimately determines the 
nature in which the material is linked. For example, if it 
is desired to provide a bulk material having the majority 
of hydrophobic and hydrophilic sidechains attached to 
the base particles individually, these polymers are pro- 
duced separately and a mixture of both polymer species 
is then grafted to the base particles by irradiating a mix- 
ture thereof, including some vinylic monomers, for ex- 
ample. The polymerized product is then washed to remove 
ungrafted particles to produce a product with a substantial 
fraction of individual sidechains of either the hydrophobic 
or hydrophilic types and, of course, some copolymerized 
sidechains. 

As indicated above, the preferred packing material 
is comprised of an inert polymer base particle bearing a 
surface layer of copolymerized hydrophilic and hydro- 
phobic sidechain constituents, since in this structure, hy- 
drophilic and organophilic sites are more intimately dis- 
persed which enhances the ability of the resin bulk to 
hold and transmit the liquid phases. To synthesize such a 
material, monomelic or prepolymcrized precursor side- 
chain material of selected types is copolymerized to ad- 
here to the surface of the base powder particles by ex- 
posure to ionizing radiation. 

Since the preferred base material is generally chemi- 
cally unreactive, i.e., not subject to catalytically induced 
polymerization, the ultimate graft of the sidechain sub- 
stituents of the invention is preferably accomplished by 
irradiation of a mixture of the base material particles in 
contact with the sidechain polymer. General requirements 
of radiation polymerization processes, per se, are well 
known and are discussed in detail in the literature. More 
particularly, an intimate mixture of selected prepolym- 
erized materials, partially polymerized materials, mono- 
mers, and mixtures thereof, together with crosslinking 
agents and suitable solvents, if appropriate, is first pre- 
pared. 

The reaction mixture is then irradiated with a dose of 
about 10,000-10 8 rads. Subsequently, the polymerized re- 
action product is separated from the mixture by filtering 
and washing the precipitate with suitable solvents for re- 
moving solvent, low molecular weight polymer, unpolym- 
erized monomers, etc., and drying. 

The values of two typical polymerization runs are given 
below in Table II. 
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TABLE II " EXAMPLE VI 

irradiation No sow 808^9 A group of rare earths was separated by passing a di- 

— rrrr e lute H-Cl solution of these rare earths through a column 

wtfoi S Kei?F Powd«°^)::::::::::::::::::i . iS ^o* packed with the substrate material of Example I. The 

wt. of Carbowax 20AL io.5 a.4 g active portion of stationary phase was the organic com- 

Do^'c^rA^ 0 -^//.:::::::::::::::::::::: Wobo Vow piexing agent di-(2-ethyihexyi)ortho P hosphoric acid. The 

Irradiation time Thours)" *8 48 output of the column is shown in FIGURE 2. The eluant 

wt^i^^dcX^l 1 :/-:::::::::::::: H 1! was passed through the column without the application 

wt. of unreactod styrene a i to 0 f pressure or force of any kind. The absence of "tailing" 

wt SoSESU!!^^ It a!? 10 is evidenced by the sharp drop-off of the neodynium and 

Wt. of polystyrene oa M-F Powder > 8, 7 5. 8 europium peaks. 

Polystyrene/Carbowax weight ratio a 8 i. 9 r 

• After thorough washing and drying. n „ _ ~~~7 Preparation of columns 
po^"ho^&\^dT'r^. POlyStyr ' n0 M ° a " , In general, chromatography columns are packed with 
» By aifleronce. 15 the present substrate in a conventional manner, i.e., the 
The irradiation time and dose rate have, of course, some graft copolymer particulate packing medium is stirred with 
influence upon the chainlength of the grafted materials, the liquid which is to be used as the stationary phase, e.g., 
the degree of copolymerization among the sidechains generally an organic complexing agent or a solution there- 
themselves, as well as the total amount of sidechain ma- of. After thoroughly soaking the packing medium in the 
terial grafted to the base powder. Accordingly, an in- 20 stationary phase liquid, it is stirred into a bath of the 
crease in the irradiation parameters will result in a cor- material used for the mobile phase, which is usually water 
responding change in each of these properties, i.e., chain- or an aqueous phase. The thoroughly wetted graft co- 
length, degree of copolymerization, and base particle polymer is then carefully packed into an elongated tubu- 
weight increase. column, preferably between two thin layers or plugs 
EXAMPLE I 25 of a porous material such as glass powder or glass wool 
, , t . , . . . /..t, at the top and bottom ends of the column. In accord with 
A batch of a preferred packing material of poly (eth- ^ . ^ kin material Aould te emp laced 

ylene glycol-g-styrene) ^^^J^f"^^^ carefully in small quantities at a time in the column, mak- 

ene was prepared by dissolving 20 g. of polyethylene gly- ' . ked ^ orm , without void 

col (Carbowax 20M, Union Carb.de Company) and 40 30 ^ „ fl m & medium together . 

ml. of styrene m 40 1 ml of methanol. The resulbng solu- P Jfam to providing a packing material for con- 

tion was then mixed with about 200 g. of gfetnforo. n columns for liquid-liquid partition of the type 

chloroethylene powder, irradiated w«h fission product separation of species having similar distribu- 

8 T ma f^i™ T at t u T 1 U oH Z It £l „ «on coefflciente, another important feature of the present 

of about 30,000 rads/hr for about 20 hours. After irra- 35 ; ^ FIGURE 1. 

diation, the solution was filtered and ungrafted styrene and for w , tin 

Carbowax polymers removed from the filtrate by wastung species which differ appreciably in the magni- 

the insoluble polymer with toluene. The residue, i.e., the wde ^ d . stribution coeJBciems ie £ y at least 20 %, 

substrate particle bearing a surface layer of grafted co- d ^ generally funnel shaped glass envelope 

polymer was then washed in methanol to remove toluene 40 u ^ £ m port f on of J bich » atively sJj( f rt 

and dried. tubular column 12 which terminates in a tapered tip 13. 

Other exemplary graft copolymer substrate formula- h ^ { ^ u f M ^ ^ 

tions especially suited for the uidicated extraction solvent similar P porous ^ mater 4 ^e remainder 0 f the col- 

system are the following: umn {& pzcked with a column support material 16 com- 

EXAMPLE II 45 prising one of the graft copolymers disclosed hereinabove, 

For water-dioxane extractions- as for exam P le polyethylene glycol-g-styrene modified 

For water-dioxane extractions, polytrifluorochloroethylene. A thin layer of glass powder 

2 r 17 or the like is placed on top of the column support ma- 

£^!^r*f ^n^Vr"" — 15 terial for protection. The top end 18 of the glass column 

MyS 50 ™ i^e^^ 

EXAMPLE III The extraction column shown in FIGURE 1 is used in 

For alcohol or water-methyl ethyl ketone extractions: P lacc of a separatory funnel for separating species which 

have markedly different mobilities through the column. 

Percent by weight 65 jhe column packing medium is prepared as previously, 

Polyacrylamide 15 and the solution of the chemical species transferred into 

n-Butyl alcohol monomer 35 the top end 18. The high mobility chemical species is 

Polytetrafluoroethylene powder 50 eluted rapidly and is collected with the eluant in a suit- 

EXAMPLE IV a bte receptacle placed beneath the funnel. The slow mov- 

. 60 ing species are retained in the column in the superficial in- 

For water-cyclohexane extraction: terstitial fluid volume. 

Percent bv wei 8j^ The principal advantages of this separator are its low 

Polyacrylic acid 20 cost, allowing it to be made as a disposable item, and 

Dimethyl siloxane monomer - 30 also it3 ^ ^ low requirement, and that 

Polymeric amide (nylon) powder 50 6fj it does not have t0 be s ^ &n or agitated. Thus, for use 

EXAMPLE V as in a conventional sealed glove box, the storage and 

_ V1 c . use of as few as 12 separating funnels is exceedingly 

For water<hloroform extractions: problematical, as many aslOO separators of the type de- 

« » i , rerceni D y weigni scr ibed can easily be accommodated and effectively used. 

A water soluble starch 25 7Q Jt ^ be readay xea]ized that a number of the present 

Ethylacrylate monomer 25 separators may be prepared with different absorbed or 

Polypropylene powder — 5U stat i onary phases and used successively to eliminate dif- 

Each of the components given in Examples H-V are ferent species as necessary for the isolation of a desired 

mixed, copolymerized by radiation, washed and dried, as fraction or further resolution of eluates obtained in 

indicated in Example I. 75 previous separations. It is also possible to provide a 
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suitable flow control device at the end of the column, 
for example, to adjust the flow velocity of the mobile 
phase. 
I claim: 

1. A packing medium for use in liquid-liquid partition 5 
chromatography and providing a minimized tailing char- 
acteristic comprising: 

(a) dense impermeable inert substrate base particles 
of a fluorocarbon polymer selected from the group 
consisting of polytetrafluoroethylene and pdytri- xo 
fluorochloroethylene, said particles having a par- 
ticle size in the range of about 100 to 325 mesh; 

(b) a mixture of hydrophilic and organophilic poly- 
meric constituents in an amount in the range of 
abqut 2 to 18% by weight copoflymerized and 15 
grafted so as to be attached by valence bonds as a 
layer disposed upon the surface of said particles, 

said hydrophilic constitutent being a material selected 
from the group consisting of polyacrylamide, starch, 
polyacrylic acid, polyethylene glycol, polyvinyl 20 
alcohol and celluose, 

said organophilic constituent being a material selected 
from the group consisting of polyacrylonitrile, poly- 
styrene, polydivinylbenzene, polymethylmethacry- 
late, polydimethylsiloxane, polymethyl acrylate, 25 
polyethyl acrylate, polyvinyl acetate, poly(n-butyl 
methacrylate), poly(isobutyl methacrylate), and 
poly(n-butyl acrylate), 

said constitutents being derived of precursor material 
having a weight ratio in the range of about 1:1 to 30 
1:3.5, hydrophilic to organophilic, respectively. 

2. A packing medium as defined in claim 1 wherein 
said substrate base particles have a degree of swelling 
in said liquids below about 1% by weight 

3. A packing medium as defined in claim 1 wherein 35 
said hydrophilic and organophilic are copolymerized and 
grafted on the surface of said particles by exposure to 

an irradiation dose in the range of about 10* to 10 6 rads 
of gamma radiation. 

4. The packing medium of claim 3, further defined in 40 
that the combined weight of said hydrophilic and or- 
ganophilic constituents is between 10 and 12% by weight 

of said substrate base particles. 

5. The packing material of claim 3, further defined in 
that the weight ratio of said hydrophilic to organophilic 45 
constituents is about 1:1.5, respectively. 

6. A packing medium as defined in claim 1 wherein 
said hydrophilic constituent comprises polyethylene gly- 
col and said organophilic constituent comprises poly- 
styrene wherefor the surface layer comprises ethylene 
glycol-g-styrene copolymerized and grafted to the sur- 
face of said particles. 

7. A packing medium as defined in claim 6 wherein 
the combined weight of said polyethyleneglycol and poly- g5 
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styrene constituents is in the range of about 5% to about 
12% of the weight of the substrate particles. 

8. A gravity flow liquid-liquid partition chromatog- 
raphy apparatus for separating chemical species having 
distribution coefficients differing by at least 20% com- 
prising: 

(a) an elongated generally cylindrical -tubular envelope 
of an insert material, said envelope defining an elon- 
gated tubular lower stem portion and an upper flared 
receptacle bowl portion communicating with said 
stem portion, 

(b) a packing medium disposed in the stem portion of 
said envelope, said medium comprising substrate 
particles having a size in the range of about 100 
to 325 mesh of a fluorocarbon polymer selected 
from the group consisting of polytetrafluoroethylene 
and polytrifluorotrichloroethylene having polyethyl- 
ene glycol and polystyrene in a weight ratio in the 
range of about 1:1 to about 1:3.5, respectively, co- 
polymerized and grafted on the surface of said par- 
ticles in an amount in the range of about 5 to 13% 
of the weight of said particles; and 

(c) porous plug means disposed within the lower end 
of said stem to retain said medium therein. 

9. The apparatus of claim 8, further defined 

in that said stem portion terminates in a tapered an- 
nular outlet tip, and 

in that a layer of inert powdered material is disposed 
to cover the upper surface of the medium in said 
stem portion. 
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[57] ABSTRACT 

The present invention relates to a method of preparing 
samples for the purpose of analysis, in which at least one 
reaction agent and an initial sample are successively 
injected into a cartridge (90) provided with an orifice 
(92) in its lower portion, in such a manner as to cause 
the injected matter to pass through a column (91) of 
powdery agent contained within the cartridge, and in 
which the product of the last passage of injected matter 
through the column is retained for analysis. According 
to the invention, the reaction agents and the initial sam- 
ple are successively injected into each cartridge after 
the top of the cartridge has been sealed in such a manner 
that the injection of the reaction agent or the sample 
causes the pressure at the top of the cartridge to rise, 
thereby accelerating the passage of the reaction agent 
or the sample through the column. The invention also 
provides apparatus for performing the method, which 
apparatus includes a moving carriage (120) enabling a 
waste receptacle (130) or individual tubes (150) to be 
placed beneath the lower orifices of the cartridges. 

6 Claims, 4 Drawing Sheets 
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This apparatus is of conventional type, sometimes 

METHOD AND APPARATUS FOR PREPARING known as an "automatic sample preparer", i.e. it is an 

SAMPLES FOR ANALYSIS apparatus of the type comprising: 

first support means for at least one reaction agent 

This application is a continuation of Sen No. 790,442, 5 receptacle, for a plurality of initial samples, and for a 

filed Oct. 23, 1985, now abandoned. plurality of cartridges; and 

The present invention relates to a method and to a sampling and injection needle movable over the 

apparatus for preparing samples to be analyzed. first support means and suitable for sucking predeter- 

BACKGROUND OF THE INVENTION 10 F™*? * given reaction agent or of a given 

1U initial sample, and for ejecting the sucked quantity into 
The invention relates to a method of preparing sam- a predetermined cartridge, 
pies in which at least one reaction agent and an initial According to the invention, the apparatus further 
sample are successively injected into a cartridge con* comprises: 

taining a column of powdery agent in such a manner as means providing sealed co-operation between each 
to cause the injected matter to pass through the column. 13 cartridge and the needle, for closing the top of each 
The cartridge also has a bottom outlet orifice, and the cartridge in sealed manner after the needle has pene- 
product of the last passage through the column is col- trated therein; and 

lected separately and constitutes the final sample for second support means located beneath the first sup- 



port means, and suitable for supporting tubes or recesses 

The reaction agents may be injected before or after 20 disposed beneath the bottom outlet orifices the car- 

the initial sample is injected. When injected before, the tridges, said tubes or recesses being suitable for individ- 

reaction agents serve to impregnate the column prior to ually collecting for subsequent analysis the products of 

the sample being injected; when injected after, they the final passes of injected material through respective 

react with a column which has already been impreg- columns. 

nated with the sample (and optionally, with other reac- 25 Advantageously, the second support means are selec- 
tion agents), tively movable as a function of the steps of the method 
The products of most of the passages through the between a first position and a second position in such a 
cartridge are rejected: only the product of one specific manner that: 

passages is collected for analysis purposes. If the car- in the first position a waste collector receptacle car- 
tridges are reusable, the last material injected may be a ried by the second support means is placed beneath the 
cleaning or reconditioning agent cartridges to recover the products of passage through 
One of the drawbacks of such a method lies in the the cartridges during at least one early step of the 
time required for the sample and the reaction agents to method; and 

pass through the column which they are to impregnate. 35 in the second position individual tubes carried by the 
In order to accelerate such passages, suction means second support means are placed beneath the respective 
are generally connected in sealed manner to the bottom cartridges to recover the products of the final step pass- 
outlet orifices of the cartridges. The reduced pressure ing through the cartridges. 

set up in this manner increases the speed at which in- Advantageously, the second support means are pro- 
jected material passes through the column and thus 40 vided with a control lug, and the moving needle en- 
reduces the total time required for preparing a sample to gages said control lug in such a manner as to drive said 
be analyzed. second support means and to cause them to pass from 

However, such suction means are bulky devices one of said positions to the other position, 
which need to match the size of the cartridges used and Changing position is thus easily performed by an 
which need to be used in conjunction with a vacuum 43 additional movement of the needle without requiring 
pump. special drive means to be provided for the second sup- 
Preferred implementations of the present invention port means. However, other drive means for the second 
provide a method which reduces the total time required support means could be provided (e.g. an independent 
for preparing samples for analysis, and which avoids the motor of any suitable type), 
need for suction means; the apparatus is thus simplified 50 

and does not require an additional source of energy BRIEF DESCRIPTION OF THE DRAWINGS 
such as required by a vacuum pump, and it is easily An embodiment of the invention is described by way 

adapted to sample-preparing apparatus already in exis- of example with reference to the accompanying draw- 

tence. ings, in which: 

SUMMARY OF THE INVENTION 55 , FTO. 1 is a perspective view of an apparatus in accor- 

dance with the invention; 

To this end, in accordance with the invention, the FIG. 2 is a cross-section through said apparatus on a 

reaction agents and the initial sample are successively line II— II of FIG. 6; 

injected into a cartridge whose top has previously been FIGS. 3 and 4 are front views of the apparatus on a 

closed in sealed manner so that injecting the reaction 60 section line IV— IV of FIG. 6, showing the apparatus 

agent or the sample causes a pressure increase at the top respectively during the prdiminary steps and during the 

of the cartridge suitable for accelerating the passage of final step of the method; 

the reaction agent or the sample through the column. FIG. 5 shows a detail marked B of FIG. 3 and illus- 

Preferably, immediately after injecting the reaction trates the structure of the top of a cartridge; and 

agent or the sample, additional air is also injected so as 65 FIG. 6 is a plan view of the apparatus. 

to increase the previously established excess pressure. FIGS. 7 and 8 are views similar to the views of FIGS. 

The invention also provides apparatus for performing 3 and 6, corresponding to an embodiment of the appara- 

the method. tus, in which the second support means may be set to a 
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third position where the samples in the tubes can be 
drawn for analysis. 

MORE DETAILED DESCRIPTION 

In the figures, reference 10 designates an automatic 5 
sample preparing apparatus of known type, for example 
a OILSON model "221" or "222" machine. This appa- 
ratus includes an inj ector needle 20 connected by a duct 
30 to a suction device such as a OILSON "401" type 
diluter. 10 

The needle 20 is movable along three directions X, Y, 
and Z under the control of moving arms 40, 50, and 60. 
X-Y displacement serves to place the needle over a 
series of tubes or receptacles capable of being selected 
automatically. Z displacement serves to insert the nee- 15 
die into the selected tube or receptacle in order to suck 
liquid therefrom or to inject liquid thereto, with the 
needle then being raised prior to displacement to some 
other position. 

The various tubes or reaction agents (visible in the 20 
plan of FIG. 6) are supported on horizontal bars 70 
which receive a support 80 which is fitted with hous- 
ings for the various tubes or reaction agents. 

When performing the method of the invention, the 
support 80 houses cartridges 90, receptacles for reaction 25 
agents 100, and as many tubes containing initial samples 
100 as there are cartridges. 

More precisely, the cartridges 90 (which are of a type 
known per se) contain a column 91 of powdery agent (a 
silicate for example) which is impregnated by the reao 30 
tion agents and die sample as successively injected dur- 
ing the various steps of the method. Excess injected 
material (Le. that portion of the injected material which 
does not react with the powdery agent) flows away via 
an orifice 92 at the bottom of the column. 35 

In accordance with the invention, a closing stopper 
94 (see FIG. 5) is provided at the top 93 of each tube 
and includes an axial orifice 95 for receiving the injec- 
tion needle 90 when the needle is lowered over the 
Center of the column for injecting a reaction agent or a 40 
sample (the funnel shape 96 serves to guide the needle as 
it moves downwardly). 

The size of the axial orifice 95 and the resilience of 
the stopper 94 are chosen in such a manner that when 
the needle has moved fully through the stopper, the top 45 
of the cartridge is hermetically sealed. 

In a variant, instead of providing each cartridge with 
an individual stopper, the bottom of the needle could be 
provided with a single common stopper which would 
remain fixed thereto. Sealing would then be provided 50 
when the needle is lowered over a cartridge by the 
stopper being pressed against the top face of the car- 
tridge. 

Also in accordance with the invention, the automatic 
sample preparer is provided with a carriage 120 placed 55 
beneath the support 80. 

The carriage has two compartments 130 and 140, the 
compartment 130 is used to collect the products which 
have passed through the columns and which are not 
retained; the other compartment 140 serves to support 60 
as many individual tubes 150 as there are cartridges 90 
and initial samples U0, and these tubes are used to col- 
lect the products which pass through each of the car- 
tridges during the last step of the method. 

The carriage is movable in order to allow either of 65 
the two compartments 130 and 140 to be placed beneath 
the cartridges 90. To this end, the automatic preparer 10 
further includes two horizontal and longitudinally ex- 
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tending slides 160 and 170 which receive grooves 121 
and 122 of complementary shape in the carriage 120. 
The carriage is thus free to slide on the slides 160 and 
170 with one degree of freedom in the longitudinal 
direction. 

In order to slide the carriage along the slides, an 
operating lug 123 projects upwardly from the carriage 
120 and is offset towards the housing of the sample 
preparer 10. 

This operating lug is situated inside the zone of possi- 
ble X-Y displacement of the needle 20. Thus, in order to 
move the carriage, the needle is moved (automatically 
under the control of the sample preparer) until it comes 
into contact with one of the side faces of the operating 
lug, e.g. with the left face to move the carriage to the 
right or vice versa. The needle is always moved longitu- 
dinally (and automatically) in the X direction when 
being used to drive the moving carriage. 

The operation of the apparatus is now described, as 
are the various steps in perforating the method of the 
invention. 

By way of example, consider a method comprising 
the following steps: 
impregnate the column with a reaction agent A; 
add a reaction agent B; 
add an initial sample, 
add a reaction agent C; 
add a reaction agent D. 

During the first four steps the products which have 
passed through the cartridge are not conserved, they 
are simply collected prior to being discarded; however, 
during the last step the product of the passage through 
the cartridge is collected to constitute a final sample 
ready for analysis. 

It should be assumed that the needle is washed be- 
tween the various steps in order to avoid contamination. 
This operation may take place in conventional manner 
at a washing position 180 (FIG. 6) provided with an 
orifice 181 where the needle is washed. 

The initial position of the moving carriage is the 
position shown in FIG. 3, Le. the waste container 130 is 
placed beneath the cartridges 90. 

The needle is then displaced over the receptacle 100 
containing the reaction agent A, and a predetermined 
quantity thereof is sucked up. The needle is then placed 
over the first cartridge, is lowered, and then the reac- 
tion agent A is injected into the cartridge. 

Because of the sealed closure of the top of the car- 
tridge, the pressure therein increases during injection 
due to the combined volume of residual air and injected 
liquid. 

This increase in pressure serves to blow the liquid 
through the column 91 towards the outlet orifice 92. 

Advantageously, after injecting the liquid and with- 
out removing the needle, additional air is injected into 
the cartridge to further increase the pressure of the 
residual volume in the top of the cartridge. 

Excess reaction agent flows out through the orifice 
92 and is collected in the compartment 130. 

After the needle has been washed, the same proce- 
dure is repeated to inject reaction agent B, then the 
individual sample taken from one of the tubes 110, and 
then reaction agent C. 

Once the initial steps of preparing the cartridge have 
been completed, the moving carriage 120 is moved to 
the left (as shown in FIGS. 3 and 4) so that it occupies 
the position shown in FIG. 4> m which there is an indi- 
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vidual tube 150 located beneath each of the columns 90 
in order to collect individual final samples for analysis. 

The carriage is displaced, as mentioned above, by an 
additional movement of the needle so as to bring it into 
contact with the drive lug 123 and thus drive the car- 
riage. 

Reaction agent D can then be sucked up and injected 
into a cartridge; it is then possible, in the same manner 
as before, to accelerate the passage of the liquid through 
the column by injecting an additional quantity of air 
into the top volume of the cartridge. 

The final sample is then obtained in the tube 150. It is 
then possible to restart the cycle and to prepare the next 
sample, after replacing the moving carriage in its initial 
position (FIG. 3). 

In order to reduce the total time required for prepar- 
ing a series of sample, the same reaction agent may be 
injected into a plurality of columns during any one of 
the steps. Such multiple injection (into five or ten car- 
tridges) is then followed by multiple injection of air for 
flushing the liquid through the respective columns. 

In the embodiment shown on FIGS. 7 and 8, the 
movable carriage 130 is allowed to be set to a third, 
extreme position, where the final samples collected in 
tubes 150 may be drawn by the needle, then injected 
into an injection port 190 and directed to an injection 
valve 200 of a chromatograph (e.g. high pressure liquid 
chromatography), or any other analyser. 

I claim: 

1. A method of preparing samples for analysis, in 
which at least one reaction agent and an initial sample 
are successively injected into a cartridge containing a 
column of powdery agent and provided with a bottom 
outlet orifice, with said reaction agent and said sample 
being injected in such a manner as to pass through the 
column of powdery agent, and in which the product of 
a last passage through the column is collected for analy- 
sis, the method wherein the improvement comprises 
said at least one reaction agent and the initial sample are 
successively injected into a top of a cartridge after the 
top of the cartridge has been sealed in such a manner 
substantially effective to cause an increase in pressure at 
the top of the cartridge by injection of said at least one 
reaction agent or of the sample resulting in the accelera- 
tion of the passage of said at least one reaction agent or 
the sample through the column substantially as a result 
of said increased pressure, whereby a requirement for 
either a vacuum pump or pressurized gas supply is elim- 
inated. 

2. A method according to claim 1, wherein immedi- 
ately after injecting said at least one reaction agent or 
the sample, an additional quantity of air is injected into 
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the cartridge in order to further increase said pressure at 
the top of the cartride. 

3. Apparatus for preparing samples for analysis in- 
cluding: 

5 first support means for supporting at least one reac- 
tion agent receptacle, a plurality of initial samples, 
and a plurality of cartridges, each cartridge con- 
taining a column of powdery agent and having a 
bottom outlet orifice; and 

10 a sampling and injection needle which is movable 
over the first support means effective to inject 
predetermined quantities of given reaction agent or 
of given initial sample into a predetermined car- 
tridge; 

15 the apparatus wherein the improvement comprises: 
means providing sealed co-operation between the 
cartridge and the needle, to provide sealed closure 
of the top of the cartridge after the needle has 
penetrated therein substantially effective to cause 

20 an increase in pressure at said sealed closure result- 
ing from said injection, whereby a requirement for 
either a vacuum pump or pressurized gas supply is 
eliminated; and 
second support means located beneath the first sup- 

25 port means for supporting tubes or recesses dis- 
posed beneath the bottom outlet orifices of the 
cartridges, said tubes or recesses being suitable for 
individually collecting for subsequent analysis the 
. products of the final passages through the respec- 

30 tive cartridges. 

4. Apparatus according to claim. 3, wherein the sec- 
ond support means are movable means and are selec- 
tively movable between a first position and a second 
position, 

33 in the first position the tubes or recesses carried by 
the second support means are placed beneath the 
cartridges to receive the products of passages 
through the cartridges during at least one early 
step of the method; and 

40 in the second position, the tubes or recesses are 
placed beneath respective cartridges to receive the 
products of passages through the cartridges during 
a final step of the method. 

5. Apparatus according to claim 4, wherein the sec- 
45 ond support means is provided with an operating lug 

suitable for engaging the moving needle in abutment in 
such a manner as to drive and move the second support 
means between said first and second positions. 

6. Apparatus according to claim 4, wherein the sec- 
50 ond support means are further movable to a third posi- 
tion where the products of passages, contained in the 
tubes or recesses, will be drawn by the needle for injec- 
tion into an analyser. 

***** 
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[57] ABSTRACT 
A device and method for scraping and collecting adsor- 
bent from located areas on developed thin layer chro- 
matography plates and extracting substances from col- 
lected adsorbent. The above functions can be per- 
formed without additional apparatus. The device is 
constructed of polypropylene to allow for easy use. 
manufacture and low cost. The shell surrounds a pri- 
mary filtering and retaining material and a secondary 
filter. The adsorbent is removed from the thin layer 
chromatography plate via a scraping edge and collected 
by aspirating the adsorbent into the device where it 
becomes embedded in the primary filtering and retain- 
ing material. The device can then be separated to allow 
facile addition of a solvent to elute the sample out of the 
device free of adsorbent. The scraping process is im- 
proved as a result of the polypropylene contact with the 
plate, the collection process minimizes loss of removed 
adsorbent, and the elution/filtration allows easy recov- 
ery of developed samples. These functions are accom- 
plished within this device and therefore time spent in 
preparation and cleanup is kept to a minimum. This 
device is potentially disposable. 

20 Claims, 4 Drawing Sheets 
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tedious because the volume of adsorbent removed with 
SCRAPING, COLLECTING & ELUT1NG each pass was very small. 

APPARATUS FOR THIN LAYER Recovery of the substance in the adsorbent was only 

CHROMATOGRAPHY AND METHOD FOR ITS slightly improved. The glass wool or cotton needed to 
USE 5 be removed from the pipette, still presenting the poten- 

tial loss of adsorbent during transfer. If filtration was 
BACKGROUND — FIELD OF THE INVENTION required, it still needed to be performed in similar fash- 

ion to that described above. Additionally, special pre- 
This invention relates to a device and method used in cautions must De X aken in disposal of glass especially if 
medical, chemical and biological laboratories, primarily lQ radioactive isotopes are used. 

with thin layer chromatography. Improvements have led to the Chromovacs TM 

BACKGROUND— DISCUSSION OF THE PRIOR "Spot Recovery Device" manufactured by Spectrum 

Medical Industries, Inc. "Sample Recovery Tubes" 
manufactured by Whatman, Inc. and Wheaton Indus- 

Heretofore, it has been a repetitive and tiresome 15 ^ "Recovery Tubes" manufactured by Alltech As- 
chore to accurately recover the adsorbent from located ^fetes, and the "TLC Zone Recovery Pipet" manu- 
areas of developed thin layer chromatography plates, factored by Radnoti. These have alleviated some of the 
and then/to extract the desired substances from the pro blems of inaccuracy, inconsistency, and costly time 
adsorbent. consumption, but not all. Being constructed of nonflex- 

Small rigid metal spatulas, razor blades, and specially 20 ing g i asSj t h ey are unable to easily scrape the thin layer 
designed metal scraping tools are employed to remove chromatography, are breakable in shipping and usage 
the adsorbent from the plate, and to transfer it to a ( w hich can frustrate both retailer and customer), non- 
receptacle. This presents unnecessary delays and uncer- repairable, and potentially injurious. All these products 
tainty to the scientist: (1) the metal spatula is too stiff to m vacuum assisted and aspirate the adsorbent into a 
easily scrape the plate completely clean as it is not flexi- 25 chamber where it is embedded in a glass wool plug or 
ble to easily conform to the the plate during contact, some type 0 f filter. 

hence it is time consuming and difficult to remove all of Chromovacs TM "Spot Recovery Device" is simply 
the adsorbent. (2) transfer of the detached adsorbent to a cylinder tapered at both ends with a glass wool plug in 
a receptacle is accomplished with the potential for loss tne middle. It is not much of an improvement over the 
of adsorbent, a portion may be spilt unnoticed, some stuffed pasteur pipette in function as the glass wool still 
may remain on the spatula or on the materials used to needs to be removed from the tube and manipulated as 
transfer the adsorbent described above, still presenting the problem with trans- 

After the transfer of adsorbent to a receptacle, a f er ^d filtering. It is not reusable and has a function 
means for removing the substance from the adsorbent is limited to scraping and collecting the located area. Dis- 
often necessary, elution and filtration being the most 35 problems are the same as with pasteur pipettes, 

obvious and facile. Different methodologies can be used Their cost ranges from $31.50 to $34.00 per package of 
for this process: suspend the adsorbent in . a suitable 25. 

solvent and then pour the suspension through a filtra- Whatman, Inc.'s "Sample Recovery Tubes" have 
tion device, or place the adsorbent in a filtration device some advantages in function, but lose those advantages 
and pour a suitable solvent over the adsorbent. The 40 in cost, each tube ranging from $25.00 to $40.00. It is 
solvent elutes the substance from the adsorbent and the similar to Spectrum Medical Industries, Inc's Chromo- 
eluate passes through the secondary filter. The resulting vacs TM with an added improvement: instead of a glass 
solution can be evaporated, leaving the purified sub- WO ol plug it has a permanent glass microfiber filter, 
stance. These methods are time consuming in prepara- They can be purchased in different sizes to accomodate 
tion and clean up, particularly if the number of samples 45 different volumes of scraped adsorbent (0.5, 1.5, and 30 
is large (each sample has to be treated independently to ml) and with a "medium" (in the 0.5 or 1.5 size) or 
avoid contamination by the others), and if specific "coarse" Qn the 30 ml size) filter porosity. In addition to 
cleanup precautions are warranted while using radioac- scraping and collection, it also can be used to filter out 
tive isotopes. the adsorbent, allowing the substance to be extracted 

Developments have led to use of vacuum assisted 50 without the use of other apparatus. However, it is awk- 
recovery apparatus to remove the adsorbent from the ward to apply the solvent through the opening of the 
thin layer chromatography plates: tube due to its small size. Furthermore, the permanent 

Glass pasteur pipettes were plugged with cotton or filter is of no advantage if a filtration process using a 
glass wool to allow air flow but not adsorbent flow different porosity from the installed glass microfiber 
through the pipette. The tapered end of the pipette was 55 filter is required. One is not able to vary the filter and 
used to scrape the adsorbent from the thin layer chro- therefore is not able to vary the porosity of the filtra- 
matography plate while the other end of the pipette was tion. It is marketed as reusable, but difficult to clean, 
attached to a vacuum tubing. The scraped adsorbent also due to its small openings and the fact that it does 
was aspirated into the pipette and embedded in the glass not separate. It is expensive and unless one can afford to 
wool or cotton. The loss of adsorbent during scraping 60 purchase many, the handling of numerous samples si- 
and collection was lessened. This decreased the drudg- multaneously can become even more tiresome as the 
eryofthe scraping process although the lack of flexM- tube would need to be cleaned repeatedly between 
ity in the metal contact with the plate mentioned earlier samples. 

is of equal if not greater detriment in the glass to plate The "Sample Recovery Tube" manufactured by 
contact Additionally, the tip of the pipette would easily 65 Wheaton Industries is more complex. The collection 
break if too much pressure was applied to the thin layer chamber can be adjusted to accomodate different vol- 
chromatography plate with the pipette, and the small umes of adsorbent removed. The adsorbent is aspirated 
diameter of the tip opening made scraping slow and into the device and trapped on a permanent frit or dis- 
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posable filter paper. The method of scraping, collecting is made to fit comfortably in one's hand. This apparatus 
and eluting the sample is similar to the method outlined is easily disassembled, and reassembled, and its parts can 
for Whatman's product with the exception that the be cleaned and replaced if a reusable market is taken. It 
disposable filter paper can be removed before elution. has a broad scraping edge giving a large area of contact 
The device separates into many parts and comes with a 5 between the edge and the plate, allowing removal of a 
5 ml funnel to facilitate the elution process. There are large volume of the adsorbent with each pass of the 
many small pieces to this device which can be easily device over the thin layer chromatography plate. The 
broken or lost It is also time consuming to clean, and device saves time, and the time saved increases expo- 
expensive to replace as they cost $51.05, Their high nentially as more samples are handled, 
price also makes it very costly to purchase many for 10 It can be molded of durable, inexpensive, disposable, 
simultaneous use. solvent resistent, rigid but flexible polymers such as 

The "Recovery Tube" marketed by Alltech Asssoci- polypropylene, allowing conforming contact between 
ates is virtually the same as the "Sample Recovery the scraper and the thin layer chormatography plate. 
Tube" manufactured by Whatman, Inc. It is available in The present invention does not need to be made of glass, 
varying chamber volumes of 1, 2 and 25 ml. These are 15 eliminating the possibility of breakage, injury and re- 
more costly than Whatman's, ranging from $45.00 to suiting liability. It can be manufactured, assembled and 
$54.00. Similarly, they are difficult to use and clean, and packaged easily at low cost, less than $0. 12 each in large 
they offer no filtration variation. quantities, allowing a much lower cost alternative to 

Radnoti's 'TLC Zone Recovery Pipet" is only useful scientists, and a large margin for profit for manufactur- 

for recovering small volumes of adsorbent. The adsor- 20 ers. This apparatus can be marketed as disposable or 

bent is aspirated onto a filter disc where it is trapped. reusable, either way allowing greater savings in time 

After disassembling the pipet, the disc is removed and and money than other similar existing products, poten- 

either centrifuged to dislodge the scraped adsorbent or tially capturing the market. 

eluted to recover the substance in the adsorbent. It, like These objects and advantages of the invention allevi- 
Wheaton's "Sample Recovery Tube", separates into 25 ate the disadvantages of the aforementioned products, 
many parts and gaskets which can easily be lost. It too Other methods present difficulties in removing the ad- 
is very expensive: $54.00 each; replacement filter discs sorbent, collecting all of the adsorbent without loss, 
costing $21.60 for 6 ($3.60 each), and replacement gas- transfering the adsorbent without loss, and eluting the 
kets costing $8.40. desired substance from the adsorbent without lengthy 
Other devices employing similar methods of aspirat- 30 preparation, cleanup and usage of additional laboratory 
ing the adsorbent from the plate capture the adsorbent equipment. They are also very costly. Further advan- 
in small test tubes or embed the adsorbent in thimbles of tages and objects of my invention will become apparent 
porous plastic or other similar material. These also are from a consideration of the drawings and ensuing de- 
expensive: a "Zone Collector" manufactured by scription of it. 

DESAGA GmbH in Heidelberg, West Germany sells 35 This invention has a surface for scraping the adsor- 

for $29.00 to $30.00 each, and the thimbles are $55.00 bent off the thin layer chromatography plate and a 

per lot of 25 ($2.20 each). Some of these devices require reservoir to accomodate the adsorbent after it has been 

scraping with a spatula prior to their use. These meth- scraped from the plate. A vacuum source is connected 

ods, while making improvements, are expensive, cum- to this device to aspirate the adsorbent into the reser- 

bersome and still require the lengthy handling of sam- 40 voir after it has been removed from the plate. A 

pies to extract the desired substance from the adsorbent removeable, exchangeable and therefore variable Filtra- 

enmeshed in the thimble or caught in the test tube. tion means is used to retain the collected adsorbent in 

„ n , „ „ T the invention. This device can be separated into its 

SUMMARY OF THE INVENTION Afferent parts to further facilitate it's use. 

What is required is a facile, quick, accurate, and con- 45 On one piece is a surface for scraping and manipulat- 

sistent method to remove the adsorbent from the lo- ing the adsorbent. This portion attaches to another 

cated area on the developed thin layer chromatography piece which accomodates the collected media. This 

plates, collect the scraped adsorbent, and extract the second piece connects to a third piece which connects 

substance from the collected adsorbent. Ideally this the whole device to a vacuum source. A gas and liquid 

would be done at a low enough cost to more than com- 50 permeable filter is located at the junction of the second 

pensate for the money expended to purchase the appa- and third pieces. All of these connections are airtight 

ratus in both time saved as well as in the increase of and use snap together fittings that are separable by hand 

experimental reliability. strength and dexterity. 

According several objects and advantages of the The reservoir is bordered on one side by the filter and 

present invention meet these requirements: 55 on the other side by a retaining screen. This reservoir 

The present invention is versatile: it is a scraper, col- contains a filtering and retaining material such as glass 
lector and extractor. It completes all three functions wool or cotton that allows the adsorbent to easily 
easily in one small apparatus, eliminating the loss of embed itself in it, does not allow the adsorbent to easily 
adsorbent in both collection and transfer because scrap- escape. The retaining screen keeps the primary filtration 
ing, collection, and extraction are accomplished within 60 material from inadvertantly being removed from the 
the same. device. The device contains a filtration means device. The filter serves to retain the adsorbent in the 
that can be varied for different applications; filters of device during elution while allowing the solvent and 
differing porosities and solvent resistances can be inter* desired soluble sustance (organic and inorganic corn- 
changed. It can accomodate an unlimited range of ad- pounds) to pass therethrough, 

sorbent volumes, depending upon its construction. 65 Although inexpensive, disposable polypropylene is 
The present invention gives precise, reliable, consis- recommended, the material from which the device is 
tent results and is easier and quicker to operate than constructed may be one that will allow cleaning, auto- 
other methods available. It is lightweight, compact and claving and reuse. 
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This device allows the functions of removal of adsor- 28— filter securing lip 

bent from the thin layer chromatography plate, collec- 30— tip of vacuum attachment, apex of vacuum at- 

tion of the removed adsorbent, and extraction of sub- tachment 

stances embeded in the adsorbent to be acomplished 32— base of vacuum attachment 

without additional laboratory apparatus. 5 34— series of raised beads on vacuum attachment 

This device can also be made into kit through the 36— filter holding Hp 

interchangeability of parts and the addition of a funnel. 38 — funnel 

The runnel addition will allow a greater volume of 40— base of funnel 

liquid to flow through the device and facilitate the ex- 42— top of funnel 

traction process. This funnel is addable to the device 10 44 — neck of funnel 

using an attachment similar to the scraping portion 43 — raised bead on funnel 

"tSSSA 'quickly, easily and accurately recovers DETAILED DESCRffTION OF THE 

located samples on developed thin layer chromatogra- iw VfcN 1 lUN 

phy plates with a single device by (1) detaching the 15 ^ shown in the embodiments of FIGS. 2 and 7, the 

adsorbent from the plate with the scraping portion, (2) device is composed of four primary parts. All parts with 

aspirating the detached adsorbent into the device via tne exception of scraper 2 are radially symmetric, 

attachment to a vacuum source, (3) collecting the adsor- Scraper 2 is shaped as a cone with its tip 4 sliced off 

bent in a chamber located inside the device, (4) separat- at ^ aproximately 60 degrees from parallel to the 

ing the device into a plurality of parts, (5) eluting the 20 Dase ^ of tne cone ^ e length of scraper 2 is approxi- 

substances from the captured adsorbent, (6) filtering the ma tely three times the diameter of its base 6. Scraper 2 

resultant eluate. The resultant solution may then be is h 0 u OW| the inside of the cone being smooth all the 

collected and subjected to evaporation to recover the way from base $ to s ij ce d t i p 4. The outside of scraper 

sample in a pure and dry form. This method can be 2 . & from base g to apcx 4 w jth the exception of 

enhanced by the addition of the funnel to allow easier 25 a bead 8 around the circumference of the cone 

addition of a solvent and therefore facilitate the elution approximately | of the distance from the base 6 to the 

process. ^p 4 ^his bead 8 is approximately J the chosen thick- 

BRIEF DESCRIPTION OF THE DRAWINGS ness for scraper 2 and will allow for an airtight "snap" 

. ^ « , together fitting with collector 10 by corresponding 

FIG. 1 is a side view showing the device assembled 30 ^ & fecess n maaA thc ^ surface of 

Ba t^ d X -° r • r *u a • ji««« M M«i collector 10. With the exception of tip 4, scraper 2 is 

U FI 9- 2 \* 0f dlsasserabled radially symmetric. 

showing its different parts separate y; Collector 10 is cylindrical^ shaped. It is approxi- 

FIG 3 is a bottom view showing the scraping portion ^ ^ ^ h fa about J /5 the 

ae ?} cc '\ . . . - length of scraper 2. Collector 10 is hollow and its walls 

FIG. 4 is a top view showing the scrapuig portion of ^p^^y the same M scrapcr 2 , ^ 

F?a "'is a cross-sectional side view showing the diameter ° f f coU *^ . 

device of FIG. 1 assembled and ready for use; outslde ***** of 2 :^°^ l°f ^ 

FIG. 6 is a cross-sectional side view showing the 40 *° « smooth along its entire ^^.^^^.V^ 

device of FIG. 2 disassembled to reveal its sep*arate bead 14 around the circumference of 

parts without the primary filtering material; °f the distance along collector -10 from * end at- 

FIG. 7 is a side view showing the device with the tached to scraper 2. Bead 14 is ^snm ar to ra*ed bead 8 

scraping portion of the device removed and the funnel on scraper 2, bemg a p P ™te y the choser^ t th ck- 

in position to be fastened to the device; 45 ness for collector -10. Bead 14 will allow for ^an ^airtight 

FIG. 8 is a side view showing the device with the "snap" together fitting with vacuum attachment 16 by 

scraping portion removed and the runnel attached; corresponding to a similar recess 18 around the mner 

FIG 9 is a cross-sectional side view showing the surface of vacuum attachment 16. Across the width of 

deviceof FIG.7 with the scraping portion removed and collector 10 at approximately i its length is a retaining 

the funnel in position to be fastened to the device; and 50 screen 20. The size of the openings in screen 20 are not 

FIG. 10 is a cross-sectional view showing the device of great importance, needing only to be small enough to 
of FIG. 8 with the scraping portion removed and the restrain primary filtering and retaining material 22 from 

funnel attached. moving out of reservoir 24 in the direction of scraper 2. 

Primary filtering and retaining material 22 is loosely 

LIST OF REFERENCE NUMERALS: 55 packed in chamber 24 from retaining screen 20 to the 

2— scraper end of collector 10 farthest from scraper 2. At this point 

4— tip of scraper, scraping edge • primary filtering and retaining material 22 is bordered 

6— base of scraper hy a gas and liquid permeable filter 26. The inside of 

8— raised bead on scraper collector 10 is smooth along its entire length with the 

10— collector 60 exceptions of recess 12, retaining screen 20 and a filter 

12— recess in collector securing lip 28. Filter securing lip 28 gradually de- 

14— raised bead on collector creases the inside diameter of collector 10 at the end of 

16— vacuum attachment collector 10 farthest from scraper 2. Filter securing lip 

18_ re cess on vacuum attachment 28 provides a greater area against which gas and liquid 

20— retaining screen 65 permeable filter 26 can be secured. Lip 28 begins ap- 

22— primary filtering and retaining material proximately 1/5 of the length of collector 10 from vac- 

24— reservoir uum attachment 16 and gradually increases the thick- 

26— gas and liquid permeable filter ness of the walls of collector 10 in the direction of vac- 
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uum attachment 16 to approximately 2 i times their 
thickness elsewhere. 

Vacuum attachment 16 is conically shaped similar to 
scraper 2 with its apex 30 sliced off not at an angle but 
parallel with its base 32. Vacuum attachment 16 is ap- 5 
proximately 2 1/3 as long as its width. It is hollow, and 
the thickness of the walls of vacuum attachment 16 is 
similar to the thickness of the walls of scraper 2 and 
collector 10. The inside diameter of vacuum attachment 
16 corresponds with the outside diameter of collector 1° 
10. The outside surface of vacuum attachment 16 is 
smooth from base 32 to apex 30 with the exceptions of 
a series of raised beads 34 around the circumference of 
vacuum attachment 16 to allow for a more secure and 
airtight attachment with a vacuum hose to which vac- 
uum attachment 16 will be joined during operation. 
Series of raised beads 34 begin approximately 1/24 of 
the length of vacuum attachment 16 from the end of 
vacuum attachment farthest from collector 10, and con- 
tinue for about i of the length of vacuum attachment 16 
towards collector 10. Series of raised beads 34 are ap- 
proximately J to i the chosen thickness of vacuum 
attachment 16. The inside of vacuum attachment 16 is 
smooth from base 32 to apex 30 with the exceptions of 25 
recess 18, and filter holding lip 36. At a distance of 
approximately J of the length of vacuum attachment 16 
from base 32, filter holding lip 36 abruptly decreases the 
diameter and then gradually increases the diameter of 
the inside surface of vacuum attachment 16. The thick- 
ness of the walls of vacuum attachment 16 increase to 
approximately 3 £ times their thickness elsewhere. The 
thickness gradually diminishes towards its original 
thickness approximately 4/13 of the length of vacuum 
attachment 16 from base 32. 

Gas and liquid permeable filter 26 is disc shaped and 
the same diameter as the outside diameter of collector 
10. Its thickness is not of great importance except that it 
needs to fit tightly and securely between filter securing 



15 



20 



30 



35 



While the above description contains many specifica- 
tions, these are not to be construed as limitations on the 
scope of the invention, but rather as exemplifications of 
one prefered embodiment thereof. Other possible varia- 
tions can be envisioned, but remain within the scope of 
my invention. A non-exhaustive treatment of the varia- 
tions are listed below. 

The connection 14 & 18 between collector 10 and 
vacuum attachment 16 can be one that will not allow 
disassembly once it is snapped together. This would be 
an attractive option if the device was marketed to be 
disposed of after use. 

Collector 10 and vacuum attachment 16 can alter- 
nately be molded in one piece, inseparable at the posi- 
tion where the filter 26 is in the drawings. This amalga- 
mation of collector 10 and vacuum attachment 16 may 
be molded with a slight indentation corresponding to 
the circumference of the disc filter 26 to ensure a tight 
fit between the filter 26 and the collector/vacuum at- 
tachment piece. After the primary filtering material 22 
is inserted the retaining screen 20 can be wedged into 
the collector/vacuum attachment, or a recess corre- 
sponding to the circumference and position of the 
screen 20 can be molded into the collector/vacuum 
attachment as was done to accomodate the filter 26. The 
disadvantages are that the filter 26 is not easily ex- 
changed and it will be difficult to ensure a tight fitting 
between the collector/vacuum attachment and the filter 
26. This assembly does not afford the security of all 
parts as in the recommended means of manufacturing. 

Alternately a porous plastic filter can be molded to 
correspond with the insided dimensions of the middle 
half of the collector/vacuum attachment (from about J 
to J of its length). This depth filter will perform the 
same function as the primary filtering material 22 and 
the disc filter 26, capturing the adsorbent in its pores 
and serving as a filter during elution. The porous plastic 
filter can be positioned by wedging it into the collec- 
tor/vacuum attachment and employing a stiff retaining 



lip 28 and filter holding lip^36, allowing airland liquid 40 scree n (with corresponding recessions molded in the 
« , J il_ J collector/vacuum attachment to ensure tightness of fit) 

to secure it on the side of the filter near the base of the 
collector/vacuum attachment. The porous plastic filter 
could then be wedged into the collector/vacuum at- 
tachment, the protrusions preventing the filter from 
accidentially removing itself from the collector/- 
vacuum attachment. This would alleviate the need for 
the retaining screen. Other means may be employed to 
secure the porous plastic filter. This method of con- 



flow only through the filter 26 and not around the edges 
of the filter 26. 

Funnel 38 is approximately three times as high as it is 
wide at base 40, and the same height as its width at top 
of funnel 42. The base of the funnel 40 has the same 45 
dimensions as the base of scraper 2 allowing for inter- 
changeability with scraper 2 in attachment with collec- 
tor 10. The width of the neck of the funnel 44 is constant 
for about § its height, where it flares out of the top of 



the funnel 42. The inside of funnel 38 is hollow and the 50 struction is not recommended as porous plastic filters 



surface is smooth from base 40 to top of funnel 42. 
Funnel 38 is of similar thickness as scraper 2, collector 
10 and vacuum attachment 16. The outside surface of 
funnel 38 is smooth from base to apex with the excep- 
tion of a raised bead 46 approximately 1/10 the the 55 
height of funnel 38 from base 40. Bead 46 has the same 
dimensions as raised bead 8, approximately J the chosen 
thickness of funnel 38 and allows for an airtight "snap** 
together fitting with collector 10 via the corresponding 
recess 12 on collector 10. 60 

All four pieces, scraper 2, collector 20, vacuum at- 
tachment 16, and funnel 38 can all be manufactured in 
single pieces via injection molding. The retaining screen 
20 can be molded in collector 10. The filter 26 can be 
specially manufactured, or the device can be manufac- 65 
tured to accomodate preexisting filters. Glass wool, 
cotton or other suitable primary filtration material is 
readily available. 



are more expensive and provide no low cost filter varia- 
tion. 

This invention is recommended to be made of poly- 
propylene or other suitable moldable polymer, but it is 
not restricted to such material. If a glass apparatus is 
needed for compatibility with a given solvent, the fun- 
nel 38, collector 10 and vacuum attachment 16 or the 
collector/vacuum attachment can be manufactured of 
glass, and scraper 2 of any given material as it will not 
be exposed to the solvent during elution. If made of 
polypropylene, glass or other suitable polymer, this 
invention is durable enough to be washed and reused, 
even autoclaved if necessary. 

This invention can be used with just the primary 
filtering material 22 or with just the secondary disc 
filter 26 in any of its embodiments. However, with only 
the secondary disc filter 26, collection will be jeopar- 
dized as there will be no material in which the adsorbent 
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can embed itself, hence the potential for adsorbent loss 
is great. Solely using the primary filtering material af- 
fords a measure of filtration, adequate for some proce- 
dures, but allows no variation in filtration porosity. 

The primary filtering material 22 may be of cotton, 5 
glass wool or any other suitable material. The retaining 
screen 20 is not necessary in any of the embodiments but 
recommended to ensure the retention of the primary 
filtering material 22. 

The secondary gas and liquid permeable disc filter 26 10 
can .be made of any suitable material: glass rnicrofibers, 
cotton, acrylic copolymers, etc. A backing can be 
added as a filtering surface in any of the embodiments if 
more strength is required than that provided by the 
secondary filter alone. 15 

The overall size of the device can be varied, specifi- 
cally to accomodate differing volumes of adsorbent 
being scraped. Collector 10 or the collector/vacuum 
attachment piece can also be deliberately sized to ac- 
comodate preexisting runnels which provide a good seal 20 
instead of specifically manufactured runnels. 

The snap together fittings 8 & 12, 14 & 18, 12 & 46 in 
all the embodiments may be replaced with screw to- 
gether or other suitable fittings. 

The color of the scraper can be varied and a company 25 
name and logo can be imprinted on the device, 

The shapes and embodiments of this invention are not 
restricted to these in the drawings and can be altered to 
accomodate different manufacturing and molding meth- 
ods and different parts used. M 

This does not constitute an exhaustive treatment of 
the many and varied ways this invention can be con- 
structed. Accordingly, the scope of this invention is 
determined not by the embodiments illustrated via 
drawings and text, but rather by the appended claims 35 
and their legal equivalent. 

OPERATION OF THE INVENTION 

In order to use this invention, it must be properly 
assembled as shown in FIGS. 1 and 5, and attached at 40 
the base of vacuum attachment 16 to a vacuum source 
via a flexible hose (not shown). After developing the 
thin layer chromatography plate and locating the areas 
to be collected, the slanted edge of scraper 2 is used to 
remove the adsorbent from the chromatography plate. 45 
The adsorbent will be aspirated up through scraper 2 
into reservoir 24 where it is embedded in primary filter- 
ing material 22. The thin layer chromatography plate 
can easily be scraped clean with the contact the scrap- 
ing edge 4 provides with the plate. Stray particles of 50 
adsorbent can be aspirated into the primary filtering 
material to ensure that no adsorbent is lost 

The user then gently and slowly separates scraper 2 
from the rest of the device, keeping base 30 pointed 
towards the ground. Although the adsorbent is embed- 55 
ded in the primary filtering and retaining material 22, 
jerky movements should be avoided to ensure retention 
of all collected adsorbent. Attach funnel 38 to collector 
10 in the same fashion that scraper 2 was connected. 
Hold the apparatus over a desired receptacle with the 60 
base 30 pointed into the receptacle. Aliquot a suitable 
solvent through the opening of the funnel 42. As the 
solvent passes through primary filtering material 22, it 
will draw the substance out of the absorbent and carry 
the substance and some of the adsorbent with it. As the 65 
eluate and the suspension of adsorbent arrives at the gas 
and liquid permeable filter 26, the adsorbent will remain 
in reservoir 24, but the solvent containing the substance 



will pass through the gas and liquid permeable filter 26 
into the desired receptacle. Additional aliquots may be 
necessary to ensure complete elution of the substance. 
When the elution/filtration process is finished, the elu- 
ate can then be subjected to an evaporative technique; 
as the solvent evaporates, one is left with the pure re- 
covered substance. 

Filters 26 can be varied depending on the desired 
purity of the recovered substance,, adsorbent particle 
size and the desired speed of filtration (larger porosity 
filters allow quicker filtration). To exchange filters 26, 
primary filtering material 22, or clean, the device can be 
separated into its component parts as shown in FIGS. 2 
and 6. Primary filtering material 22 can be inserted into 
reservoir 24, and filter 26 can be placed against filter 
holding lip 32 inside vacuum attachment 16. With base 
30 pointed toward the ground, the filter 26 will be held 
in place by the walls of vacuum attachment 16 as collec- 
tor 10 is snapped together with vacuum attachment 16. 

When handling many samples, a number of scrapers 
can be used simultaneously to save time. As each sample 
requires a different scraper, each can be separated into 
their respective parts and the elution process can be 
done on all the samples simultaneously. No time is lost 
while waiting for the solvent to pass through the pri- 
mary filtering and retaining material and secondary 
filter. 

If collection of the adsorbent is all that is required the 
primary filtering material can be removed to allow easy 
recovery of the adsorbent. 

CONCLUSION AND SCOPE OF THE 
INVENTION 

This device was invented to eliminate the time con- 
suming, cumbersome and inaccurate means of manipu- 
lating developed samples on thin layer chromatography 
plates. The reader will see that this device provides the 
scientist with the following advantages: it facilitates the 
process, saves time and improves experimental reliabil- 
ity. 

The invention will alio w for the facile removal of the 
adsorbent from the plate, will ensure the retention of 
virtually all the adsorbent during collection, and will 
allow for the facile elution and purification of the sam- 
ple. This is accomplished with normal use of laboratory 
equipment, rnmimizing time spent in preparation and 
cleanup to allow maximum use of time. All this can be 
accomplished at low cost to the scientist. 

The use of this invention is not limited to thin layer 
chromatographic applications. Any time a substance 
needs to be removed collected and eluted to recover a 
soluble element contained in said substance, this inven- 
tion can be considered for use. 

I claim: 

1. A device for the removal and collection of anhy- 
drous particulate media, and for the extraction of sub- 
stances from said media, comprising: 

(a) a rigid but flexing surface for manipulating said 
media; 

(b) a reservoir located inside said device of sufficient 
size to accomodate the volume of collected media; 

(c) a filtration means for retaining said media in said 
reservoir during extraction of said substance from 
said media; and 

(d) connection means for connecting said device to a 
vacuum source wherein said vacuum causes the 
removed media to pass into said reservoir, said 
device being separable into a plurality of parts. 
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2. The device of claim 1, wherein said filtration means 
includes a removable, exchangeable and therefore vari- 
able filter. 

3. The device of claim 1, wherein 

(a) said rigid but flexing surface is located on a first 
piece which is attached to a second piece having 
said reservoir located therein; 

(b) said connection means is located on a third piece 
which is attached to said second piece; and 

(c) said filtration means is located in said device in a 
fashion whereby all solids, liquids and gasses must 
pass through the filtration means to pass through 
the device. 

4. The device of claim 1, wherein said reservoir for 
the collection of media is located posteriorly with re- 
spect to the direction of gas flow to a retaining screen, 
and anteriorly with respect to the direction of gas flow 
to a removable, exchangeable and therefore variable 
filter. 

5. The device of claim 1, wherein said reservoir con- 
tains a material in which said media is easily embedded 
but removed only with significantly more effort than 
necessary to embed said media in said material. 

6. The device of claim 1, wherein said device is con- 
structed of such material to allow intentional and eco- 
nomical disposal after use. 

7. The device of claim 1, wherein the components of 
said device are easily disassembled and reassembled 
with common hand strength and dexterity. 

8. The device of claim 1, wherein the functions of 
removal, collection and extraction are accomplished 
within said device whereby; 

(a) probability of loss of said media containing said 
substance is not increased due to transfer of said 
media; and 

(b) said functions are accomplished without addi- 
tional laboratory apparatus. 

9. The device of claim 1, further comprising a funnel 40 
addable to said device whereby a larger volume of 
solvent is added to a larger area whereby the said ex- 
traction of said substances from said media is facilitated. 

10. A kit for removing anhydrous particulate media 
from a surface, for collecting said media, and for sub- 45 
jeering the collected media to elution and filtration 
whereby substances embedded in said media are recov- 
ered with greater ease, less time, cost and equipment 
than present methods comprising: 

(a) a rigid but flexible edge for scraping and removing 
media attached to a surface; 

(b) a collection and retention means adjacent to said 
rigid but flexible edge for collecting and retaining 
the volume of removed media; 

(c) a filtration means for separating said media from 
said substances; and 

(d) an attachment means adjacent to said collection 
means whereby said kit is attached to a vacuum 
source. 

11. The kit of claim 10, further comprising a funnel 
having a larger opening than the piece to which it at- 
taches, addable or interchangeable with another piece 
in said kit whereby the addition of larger volumes of 



solvents are added to a greater area to facilitate the 
processes of elution and filtration. 

12. The kit in claim 10, having a plurality of pieces, 
comprising: 

(a) a first piece having said rigid but flexible edge for 
removing said media when adhered to a surface; 

(b) a second piece connected with said first piece 
having said collection and retention means therein 
for collecting and retaining the removed media; 

(c) a third piece connected to said second piece hav- 
ing said attachment means for connection to a vac- 
uum source; and 

(d) a fourth piece interchangeable with said first piece 
for connection to said second piece, said fourth 
piece having a larger diameter opening than the 
diameter of said second piece. 

13. The kit in claim 10, wherein said filtration means 
is removable and exchangeable, and therefore variable. 

14. The kit in claim 10, wherein some pieces are con- 
structed of polypropylene and intended to be disposed 
of after use. 

15. A method using a single device for recovering 
substances from anhydrous particulate media, compris- 
ing the steps of: 

(a) detaching said media from a surface with a rigid 
but flexible scraping edge on said device; 

(b) aspirating the detached media from said surface 
via collection of said device to a vacuum source; 

(c) collecting the aspirated media in a chamber lo- 
cated in said device; 

(d) separating said device to provide a larger opening 
through which a liquid can be introduced into said 
device; 

(e) aliquoting a solvent over said media remaining in 
said device, whereby said substances are eluted 
from said aspirated media; and 

(f) filtering the resultant eluate through a filtration 
means located in said device, whereby said anhy- 
drous particulate media is separated from said elu- 
ate and retained in said device. 

16. The method in claim 15, further comprising the 
steps of: 

(a) collecting media free eluate in a receptacle; 

(b) evaporating said solvent from said eluate to re- 
cover said substance in a dry pure form. 

17. The method in claim 15, further comprising the 
attachment in a manner impermeable to solids, liquids 
and gasses of a funnel to the separated device to allow 
an even larger opening through which a liquid may be 
introduced into said device and to allow a greater vol- 
ume of said liquid to be introduced during a given ali- 
quot of said liquid. 

18. The method in claim 15, further comprising hav- 
ing a means for retaining said media in said chamber 
irrespective of position of said device with respect to 
gravity or detachment of said device from said vacuum 
source. 

19. The method in claim 15, further comprising the 
pre-intentional disposal of some (or all) of said device 

60 after use. 

20. The method in claim 15, further comprising re- 
moving, exchanging and therefore varying said filtra- 
tion means when differing porosity filtration is required. 

***** 
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[57] ABSTRACT 

An extraction vial includes a reservoir portion having 
generally parallel walls, a neck portion defining an 
opening into the reservoir portion and a channel sur- 
rounding the opening, a nozzle portion integral with 
reservoir portion at a second end of the reservoir, a 
sealing closure that closes the nozzle, a base integral 
with the sealing closure and including a support surface 
adapted to support the vial in an upright position, and a 
cap received and removably maintained within the 
channel. An extraction liquid may be contained within 
the vial for extracting sample from a carrier. The vial 
may be used by adding the carrier to the extraction 
liquid within the vial, closing the vial with the cap, 
agitating the vial to release sample from the carrier, and 
removing at least the sealing closure or, preferably, the 
sealing closure and base whereby extraction liquid can 
be expelled from the vial. 
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EXTRACTION VIAL 

FIELD OF THE INVENTION 

The present invention is directed to immunochemical 5 
testing in general, and in particular to extraction vials 
and kits comprising an extraction solution for use in 
extracting an analyte from a test sample for deposit of 
the analyte onto a testing device. }Q 

BACKGROUND OF THE INVENTION 

Diagnostic test matrices have revolutionized the 
health care industry by focusing on relatively easy-to- 
use devices. For examples, pregnancy-testing dip sticks J3 
are commonplace in market facilities throughout the 
world. Fecal occult monitoring devices, such as the 
Hemoccult ® brand fecal occult blood test, allow for 
obtaining samples in the privacy of the patient's home 
whereby analysis of the sample can be accomplished at 20 
a screening facility. 

Another form of such test matrices are chromato- 
graphic-type assaying systems. Chromatographic-type 
assaying systems have enjoyed widespread use in the 
diagnostic fields for several years. Such devices typi- 25 
cally rely upon a format whereby a solution comprising 
a carrier solvent and a test sample suspected of contain- 
ing an analyte to be detected, is applied to a thin, flat, 
absorbent medium, which typically has incorporated 
thereon a binding partner to the analyte. The solution is 30 
applied to the absorbent medium and moves along the 
medium by way of capillary action. A labeling scheme 
is then utilized to determine the presence of the immobi- 
lized analyte. This type of assay is generally referred to 
as an "immunochromatographic assay". There are two 35 
types of immunochromatographic assay types, gener- 
ally referred to as "sandwich 1 *, or "capture", irnmuno- 
chromatographic assays, and "competitive" immuno- 
chromatographic assays. 

Sandwich immunochromatographic assays typically 43 
involve mixing a sample containing an analyte of inter- 
est with either a monoclonal or polyclonal "capture" 
antibody to the analyte (alternatively, the sample can be 
added directly to a chromatographic medium having 
affixed thereto the capture antibody). The antibody can 45 
be conjugated to some form of label, for example, col- 
ored latex beads, chemiluminescent, enzymatic, fluores- 
cent, radioactive, colloidal gold, etc. Thereafter, an 
analyte-labeled antibody complex is formed. This com- 
plex is then applied to the chromatographic medium 50 
which has a second monoclonal antibody or additional 
polyclonal antibodies immobilized thereon. As the com- 
plex moves along the medium, the analyte-labeled anti- 
body complex becomes bound to the immobilized anti- 
body, forming an immobilized antibody-analyte-labeled 55 
antibody complex. The label can then be read to pro- 
vide an indication of the presence (and quantity) of the 
analyte in the sample medium. 

Competitive immunochromatographic assays typi- 
cally involve mixing a sample containing an analyte of 60 
interest with a known quantity of the same analyte 
having a label conjugated thereto. This mixture is then 
added to a known quantity of immobilized antibody to 
the analyte. As the mixture moves along the medium, a 
competition is created between the sample-analyte and 65 
the labeled-analyte: the more sample-analyte available 
for binding to the immobilized antibody, the less label 
that will be detected. Thus, the amount of sample- 



2 

analyte is inversely proportional to the amount of label 
obtained. 

Immunochromatographic assays are not without 
drawbacks. For example, with respect to, e.g., fecal 
samples, mucous-based samples, throat or vaginal 
swabs, etc., it is very difficult to apply these materials to 
the chromatographic medium directly. Thus, these ma- 
terials are usually applied to the chromatographic me- 
dium, whereupon a solvent solution is added thereto, 
the solvent being capable of carrying the analyte of 
interest to a particular location on the chromatographic 
medium. Problems arise using this approach because the 
materials can clog the pores of the chromatographic 
medium, making chromatographic analysis extremely 
difficult because of interference with the flow of the 
solvent caused by such clogging. Additionally, these 
materials can include therein extraneous matter which 
can interfere with the analysis due to, e.g., non-specific 
binding with the analyte antibodies, or interference 
with the particular label utilized for the analyses. 

An alternative to this approach is to utilize extraction 
or pretreatment reactions whereby the sample material 
is added to a liquid extracting medium such that the 
sample is brought from its solid or semi-solid form to a 
liquid form. Conventionally, this is accomplished by a 
technician in a laboratory setting and is carried out in 
small transfer vessels, whereby the extraction medium 
containing the sample is added to the chromatographic 
medium via, e.g., a pipette. This scenario raises addi- 
tional problems, particularly in the areas of contamina- 
tion and waste disposal. Such problems are particularly 
relevant with respect to the possibility of transfer of 
communicable diseases to the technician^), as well as 
the potential for cross-contamination of samples. 

What is needed, in view of the foregoing, is a device 
that will readily facilitate the extraction of an analyte 
from a sample for analysis of material in the sample, and 
that ensures that contamination and waste byproducts 
are substantially minimized. 

SUMMARY OF THE INVENTION 

The present invention satisfies these needs. In accor- 
dance with the invention disclosed herein, a disposable 
extraction vial capable of containing or alternatively, 
containing liquid is provided. The extraction vial is 
adapted for receiving a diagnostic sample carrier such 
that removal of the sample from the carrier is facilitated 
by the interaction of the sample with the extraction 
liquid. The extraction vial is further adapted for con- 
trolled release of a desired amount of the extraction 
liquid comprising the diagnostic sample onto a diagnos- 
tic test platform. Beneficially, the extraction vial con- 
taining the sample carrier and extraction liquid remain- 
ing therein can be conveniently disposed as a single unit. 
Test kits comprising an extraction vial and a separately 
contained extraction medium for addition to the vial, 
are further disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings are presented for the pur- 
pose of reference in conjunction with the Detailed De- 
scription of Preferred Embodiments of the Invention. 

FIG. 1 is a perspective view of an embodiment of the 
disclosed extraction vial; 

FIG. 2 is a cross-sectional view taken through line 

2— 2 of FIG. 1; and 

FIG. 3 is a cross-sectional view taken through line 

3— 3 of FIG. 1. 
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DETAILED DESCRIPTION OF PREFERRED ™ a £ d int0 pa r tien \ un ' ne \ chromato- 
EMBODIMENTS graphic aspect of such a device draws the liquid sample 

up through the device, whereby interactions between 

With the exception of certain clinical samples, for patient HCG, HCG-specific antibodies and some form 
example, whole blood, serum, plasma, urine, cerebro 5 of labeled agent (typically a labeled antibody specific 
spinal fluid, other clinical samples typically require a for an epitope on HCG other than the first antibody 
collection step and a liquid modification step before the epitope) indicate the presence or absence of HCG. 
sample can be analyzed via diagnostic assay procedures. With solid and semi-solid samples such as fecal sam- 
(The aforementioned clinical samples can, however, be pies, it is necessary to extract the analyte of interest. I.e., 
utilized in conjunction with the invention disclosed 10 either a liquid can be added to such a sample which has 
herein.) As used herein "other clinical samples" include been placed directly onto a diagnostic test device (as is 
solid-form or semi-solid form materials, for example, the case with, c.g, Hemoccult® brand fecal occult 
fecal materials, epidermal scrapes, mucous, throat, vagi- . blood monitoring devices), or the sample can be added 
nal swabs, etc. As used herein "liquid modification to a liquid which, in turn, is added to the test device, 
step" is intended to mean steps taken to allow for a 15 From a practical perspective, the latter protocol is uti- 
chromatographic-type flow of such other clinical sam- lized in that in order to liquify sample added directly to 
pies along a diagnostic test platform; typically, this is a device, sufficient liquid must be added thereto; this 
manifested by totally or partially liquefying the solid- can often lead to (relative) excessive amounts of such a 
form or semi-solid form test sample so that analytes of liquid such that the sample can be washed from the 
interest interspersed therein can be examined via the 20 testing device, or contamination of the instrument used 
diagnostic test protocols. to add the liquid to the sample (e.g., a pipette tip coming 

For ease of discussion and without the intention of into contact with the sample) can occur. Focusing on a 
limiting the types of clinical samples which can be uti- typical method of practicing the former protocol, the 
hzed in conjunction with the disclosed extraction vial, incidence of cross-contaminations and waste disposal is 
the following discussion will focus on fecal materials as 25 increased. This is because sample carriers (i.e., some 
an example of an applicable clinical sample, and im- form of material to which the sample is applied) are 
munochromatographic assaying procedures. It is to be added to, e.g., microtiter wells, and a liquid is added to 
understood, however, that the disclosed extraction vial the wells. Thereafter, liquid comprising the sample is 
can be utilized with a myriad of diagnostic assaying removed from the wells and added to the diagnostic test 
procedures. I.e., the disclosed vial can be utilized in 30 device. Thus, it is possible (due to liquid splashing, etc.) 
conjunction with diagnostic matrices such as the to cross contaminate the wells. Additionally, the wells 
Hemoccult ©brand fecal occult blood test (SmithKline must be either disposed or thoroughly washed and 
Diagnostics, Inc., San Jose, Calif., U.S.A.) whereby a cleaned after use. 

fecal sample is extracted from a sample carrier into the These problems are avoided by use of the disclosed 
extraction vial, and the extraction liquid, comprising the 35 invention which provides a container comprising a 
sample, is applied to, e.g., a guaiac-based assay device; body portion defining a chamber containing an extrac- 
developing solution can thereafter be applied to the tion fluid, the body portion defining an opening for 
device. Those in the art are credited with recognizing external access into the chamber and having a prede- 
the advantages to be derived from utilizing the dis- fined line of weakness in the wall portion, whereby the 
closed extraction vial in related diagnostic assaying 40 line of weakness in the wall portion is broken to allow 
protocols. f or tne rc ] case 0 f tne solution, preferably without the 

As is well known in the art, the presence of hemoglo- need to utilize a cutting tool. In a particularly preferred 
bin m fecal samples may be indicative of colon cancer; embodiment of the invention, a disposable extraction 
accordingly, screening of fecal samples for the presence vial is disclosed, the vial comprising an elongated hol- 
of hemoglobin is routinely practiced. However, as is 45 low body comprising a reservoir portion constituted by 
also well known, with respect to guaiac-based fecal a chamber bounded by a pair of spaced, flat, generally 
occult screening devices, certain foods, e.g., red meats, parallel, compressible walls, said chamber comprising 
vegetables, etc.. can give false positive results. This is an extraction liquid for expulsion upon compression of 
because blood present in meat, or peroxidases present in the wails; a neck portion integral with an area near an 
vegetables, may be present in the fecal sample, and 50 end of the reservoir portion, the neck portion compris- 
these materials may indicate, erroneously, the presence ing a channel for receiving a removable cap, the chan- 
of patient-denved hemoglobin in the fecal sample. nel defined by the terminal end of the reservoir portion 

The advent of immunochemical testing protocols has and the neck portion; a generally cylindrical nozzle 
helped to improve such screening. For example, and- portion integral with the end of the reservoir portion 
bodies specific for, e.g., human hemoglobin, can be 55 opposite the neck portion, the nozzle portion compris- 
utilized for the detection of human hemoglobin in fecal ing a passage connecting with the chamber and a lead- 
samples. Beneficially, diagnostic test devices can fully ing end, the leading end of the nozzle portion being 
exploit the binding specificity of such antibodies. How- angularly offset with respect to the longitudinal extent 
ever, because of the chromatographic aspects of such of the chamber; a sealing closure integral with and ter- 
devices, it is necessary for a liquid to be added to the 60 minating the leading end of the nozzle portion and sepa- 
device, typically at a region where antibodies specific to rated therefrom by a line of weakness, the connection 
a desired analyte are located. For example, in a "dip- between the sealing closure and the leading end being 
stick type diagnostic device, a portion of the device is such that when sealing closure is broken, the free end of 
'dipped" into a liquid sample or a liquid comprising a the nozzle portion presents a discharge opening; a sup- 
sample. A common form of this device is a pregnancy 65 port tab integral with, extending between and connect- 
dipstick whereby antibodies specific for human chori- ing said nozzle portion to the sealing closure to protect 
onic gonadotropin ("HCG", indicative of pregnancy) the nozzle portion against inadvertent disruption; and 
are coated onto a portion of the dipstick; the dipstick is an extraction liquid adapted for use in diagnostic analy- 
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sis of biological materials, the liquid located within surface area of walls 11a and 12a occasioned by such 

reservoir portion. ridges increases the agitational movement of the liquid, 

Beneficially, the disclosed extraction vial avoids the thus increasing the likelihood of entry of additional 

problems noted above without compromising the test- sample material into the liquid, 

ing procedure. By utilizing an extraction vial compris- 5 Preferably, walls 11 and 12 further include "grip 

ing an extraction liquid, a sample carrier (or a section assisters" 15 (shown with respect to wall 11 in FIG. 1), 

thereof) is added directly to the vial whereby the sam- e.g., a series of ridges which allow the user to more 

pie material can be extracted from the carrier into the readily maintain a firm grip on device 100 for purposes 

liquid. At an appropriate time, the liquid comprising the of, e.g., compression of walls 11 and 12 for agitation of 
sample can be added to the diagnostic test device; there- 10 the liquid and/or release of the liquid onto an diagnostic 

after, the vial containing the liquid and the sample car- test platform. As should be apparent, such grip assisters 

rier can be efficiently disposed. Advantageously, be- can be of any shape; the function thereof is to assist in 

cause the extraction liquid is located within the vial and the handling of device 100. 

the sample carrier is added thereto, problems and con- Neck portion 20 is integral with reservoir portion 10. 

cerns associated with, e.g., cross^ntemination, are 15 Most preferably, neck portion 20 comprises a channel 

avoided. 25 for receiving a removable cap 200; channel 25 is 

With reference to the figures and a particularly pre- defined by walls 11 and 12 and portions 21 and 22 of 
ferred embodiment of the extraction vial, the disposable neck 20. Referencing FIG. 3, region 25a of channel 25 
extraction vial 100 comprises an elongated hollow body is smaller than region 2Sb of channel 25; beneficially, 
comprising a reservoir portion 10; a neck portion 20 20 cap 200 can be configured so that it fits snugly within 
integral with the reservoir portion; a nozzle portion 30 region 25a of channel 25, i.e., the width of portion 200a 
integral with the reservoir portion located opposite to of cap 200 is configured to fit within region 25a of chan- 
the neck portion; a sealing closure 40 integral with and nel 25. When inserted within channel 25, cap 200 is most 
terminating the leading end 35 of the nozzle; a support preferably rigidly maintained therein. By **rigidly main- 
tab or mechanism 70 integral with, extending between 25 tained" is meant that a user must take affirmative steps 
and connecting the nozzle portion to the sealing clo- to remove cap 200 from device 100, i.e., either by pull- 
sure; and an extraction liquid 80 include within the ing cap 200 from channel 25 or by "screwing** cap 200 
reservoir portion. from channel 25. The intent is that once cap 200 is 

Extraction vial 100 is preferably composed of a chem- within channel 25, it will not be displaced therefrom 

ically inert material conducive to use in conjunction 30 due to, e.g., tipping of device 100, etc. Cap 200 prefera- 

with biological and chemical samples. Exemplary mate- bly comprises handle 210 for purposes of gripping 

rials include, but are not limited to, thermoplastics such thereof. 

as polypropylene, polyethylene, polynitrile, polyvinyl Neck portion 20 further comprises opening 27 into 
acetate, polyethylene terephthalate, polyethylene-vinyl reservoir portion 10. Opening 27 is configured to re- 
acetate, polyethylene- vinyl alcohol, and polyvinylchlo- 35 ceive both the extraction liquid and a sample receiving 
ride. Preferably, the material is capable of being sub- platform. Advantageously, opening 27 can be covered 
jected to injection-mold procedures, relatively inexpen- with a removable, chemically inert material, for exam- 
si ve, and somewhat compressible, particularly in the pie a thin film of paraffin or plastic-backed foil (not 
area of reservoir portion 10. Most preferably, the mate- shown). The intent of such material is to, e.g., prevent 
rial is polyethylene. 40 evaporation of the extraction liquid, and to add an extra 
Reservoir portion 10 is constituted by a chamber measure of security vis-a-vis leakage of such liquid, 
bounded by a pair of spaced, flat, generally parallel Prior to insertion of a sample carrier through opening 
walls, 11 and 12. Preferably, walls 11 and 12 are of 27, such material can be removed and, e.g., discarded or 
sufficient thickness that they are both compressible. By re-applied to opening 27 after insertion of the sample 
"compressible** is meant that when external pressure is 45 carrier into reservoir portion 10. 
applied thereto, walls 11 and 12 are capable of slightly At the opposite end of reservoir portion 10 relative to 
moving in the direction of the applied pressure and are neck portion 20 is nozzle portion 30 which is most pref- 
capable of resuming their approximate original position crably angularly offset with respect to the longitudinal 
after release of pressure. For example, when com- extent of walls Hand 12. By "angularly offset** is meant 
pressed by the applied pressure of a finger and a thumb. 50 that wall portions 31 and 32 are not in the same longitu- 
Such pressure is preferably applied after a sample car- dinal plane as walls 11 and 12 of reservoir 10 such that, 
rier (not shown) has been added to the vial. Benefi- for example, the width X between the walls 11 and 12 is 
cially, the application and release of such pressure (i.e., greater than the width Y between the walls 31 and 32. 
"agitation**) aids in the release of the sample from the This configuration, therefore, has a somewhat "funnel** 
carrier into the extraction liquid. In this regard, the 55 shape which descends to a leading end 35 of the nozzle 
portion of walls 11 and 12 bounding the area between portion 30. The leading end 35 is configured such that 
the walls (i.e., portions 11a and 12a of walls 11 and 12, an extraction liquid comprising sample can be released 
respectively) are preferably substantially non-parallel therefrom. The distance between portion 35a and 35a of 
with each other. By "substantially non-parallel'* is leading end 35 is preferably spaced such that the liquid 
meant that these portions of the walls further comprise 60 droplets exiting therefrom are capable of being ade- 
features that are out of the general plane of a straight quately controlled. By "adequately controlled" is meant 
line defined by walls 11 and 12. For example, a series of that, preferably, liquid does not rapidly exit the reser- 
ridges (not shown) can be located along walls 11a and voir portion without inward pressure on walls 11 and 
12a; alternatively, deformations (i.e., indentations, pro- 12. Preferably; the distance between portions 35a and 
trusions, etc.) can be incorporated along walls 11a 65 35a is such that the surface tension of the liquid has a 
and/or 12a. The function of such ridges is to assist in tendency to substantially remain within reservoir por- 
agitation of the extraction liquid and the sample carrier. tion until released via applied pressure to walls 11 and 
I.e., as walls 11 and 12 are compressed, the increased 12. Preferably, the distance between portions 35a and 
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356 is between about 0.02 and about 0.15 inches, more sis of chemical or biochemical materials, such as those 

preferably between about 0.03 and about 0.06 inches, materials described above. Those skilled in the art are 

and most preferably about 0.047 inches. credited with readily selecting appropriate components 

Most preferably, leading end 35 further comprises an for the extraction liquid in conjunction with the particu- 

annulus 40 projecting in an upwardly direction into 5 lar materials to be analyzed. For purposes of elucidation 

nozzle portion 30. Annulus 40 assists in restricting and and not limitation, the following is directed to preferred 

regulating the flow of liquid through leading end 35. extraction liquids utilized in conjunction with immuno- 

The opposing sides 40a and 406 of annulus 40 can be chromatographic assaying devices, 

either substantially parallel or substantially non-parallel Generally, there are at least three criteria which must 

depending on the necessity for controlling the liquid 10 be considered when selecting an appropriate extraction 

flow. I.e., by directing the upper most portions 40a and liquid when used in conjunction with immuno- 

406 of annulus 40 towards each other (i.e., sides 40a and chromatographic assaying devices: (1) the extraction 

406 are substantially non-parallel) the distance between liquid must be compatible with a chemical or biochemi- 

40a and 406 gradually decreases, thus decreasing the cal sample; (2) the extraction liquid must be compatible 

area for release of liquid. IS with the material used to manufacture vial 100; and (3) 

In configurations of the device where the release of the extraction liquid must be compatible with the diag- 

solid-type materials through leading end 35 is a consid- nostic testing matrix. 

eration, screening means (not shown) can be positioned The first criteria is satisfied by utilizing a solution 

across leading end 35 (or, in an equivalent manner, having a suitable pH, i.e., a pH within the range of 

across nozzle portion 30 and/or reservoir portion 10) to 20 between about 2.0 and about 12.0, preferably between 

prevent the release thereof. Screening means such as about 6.0 and 8.0, and most preferably about 7.4. Exem- 

mesh are well known and will not be discussed herein in plary solutions include, but are not limited to, phos- 

detail. Those in the art can readily select a screening phate buffered solutions, imidazole-hydrochloric acid 

means that is capable of being utilized in conjunction ("HCr), tris hydroxymethyl amino methane ("Tris"), 

with biological and chemical materials, and which has 25 Tris-HCl, 2-{[tris(hydroxymethyl)raethyl] amino} eth- 

sufficiently sized openings that allow for the release of ane sulfoni acid (TES), N-2-hydroxyethylpiperazine- 

liquid to the exclusion of particulate materials. N'-2-ethane sulfonic acid (HEPES), triethanolamine 

Positioned at the terminal end of leading end 35 is a hydrochloride and the salts thereof, piper azine-N,N '-bis 

sealing closure, generally depicted as 50 in FIGS. 1 and (2-ethane-sulfonic acid) (PIPES), N-2-acetamide-2 

2. Sealing closure 50 is connected to leading end 35 by 30 aminoethanesulfonic acid (ACES), 3-(N-morpholino 

line of weakness 55 (FIG. 2); when line of weakness 55 propanesulfonic acid (MOPS) and combinations of the 

is broken, thus freeing sealing closure 50 from device foregoing. Preferably the buffer is a phosphate buffered 

100, a discharge opening (not shown) is presented from solution having a pH of about 7.4, most preferably, the 

which materials within reservoir portion 10 can be re- phosphate buffered solution is phosphate buffered sa~ 

leased. Line of weakness 55 is preferably configured 35 line. 

such that il is easily broken, for example, by gentle The second criteria can most efficiently be satisfied 

movement of sealing closure 50 along line of weakness by utilization of a chemically inert material for the con- 

55. However, in an equivalent manner, line of weakness struction of vial 100. Representative materials include, 

55 need not be broken by such movement, but can be but are not limited to, polypropylene, poly vinylacetate 

cut using any conventional cutting tool. However, it is 40 polyethylene, polynitrile, polyethyleneterephthalate, 

preferred that the former approach be utilized in order polyethylene-vinyl acetate, polyethylene-vinyl alcohol, 

to avoid possible contamination and/or cross-contami- polyvinylchloride and combinations of the foregoing, 

nation which could be occasioned by such a cutting Preferably, the material is polyethylene, 

tool. The third criteria is satisfied relative to the diagnostic 

Most preferably, sealing closure 50 is connected to 45 testing matrix. With respect to immunochromato- 

base 60; a purpose for base 60 is that it is capable of graphic assaying devices, such matrices, by definition, 

allowing device 100 to be positioned in an upright ori- have attached thereto immunological binding partners 

entation, i.e., the device including base 60 is ** free-stand- to analyte(s) in the sample. Thus, the extraction liquid 

ing". Such a configuration is beneficial because it can must also be compatible therewith. As such, the same 

allow for introduction of a sample carrier to device 100 50 criteria (and buffers) set forth above for the first criteria 

without the need to handle the device. The base 60 are applicable to the third criteria. Additionally, it is 

includes a rim or support surface 62 that is generally typically necessary to include a non-specific binding 

perpendicular to a central axis 64 of the vial 100, to inhibitor within the extraction liquid relative to the 

make the vial 100 "free-standing" as just described. third criteria. Such a material functions to limit non- 

Beneficially, support mechanism 70 can be positioned 55 specific binding on the test matrix; exemplary materials 

between base 60 and nozzle 30 for an added degree of include, but are not limited to, serum albumins such as, 

rigidity and support; as is appreciated, when support for example, human, bovine, goat, rabbit, sheep and 

mechanism 70 is utilized, the connection 71 between horse serum albumins, ovalbumin, water soluble amino 

mechanism 70 of nozzle 30 must also be a line of weak- acid polymers, and combinations of the foregoing. Pref- 

ness as described above such that mechanism 70 is re- 60 erably, the non-specific binding inhibitor is bovine 

moved from device 100 when sealing closure 50 and serum albumin, preferably within the range of about 0.5 

base 60 are removed via line of weakness 55. to about 5.0% (weight/volume, "w/v"). When the 

An extraction liquid (80) is most preferably included diagnostic testing device is not an imrnunochromato- 

within reservoir portion 10 prior to insertion thereto of graphic device, such inhibitor is not required (although 

a sample carrier; however, in the case of, e.g., kits, 65 it can be utilized). 

extraction liquid can be included within another con- Accordingly, with respect to many immuno- 

tainer and added to device 100 at an appropriate time. chromatographic testing protocols, and in particular, 

The extraction liquid is configured for use in the analy- protocols for the analysis of fecal occult testing via 
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hemoglobin analysis, a particularly preferred extraction 
liquid comprises phosphate buffered saline having a pH 
of about 7,4 and about 1.0% (weight/volume) of bovine 
serum albumin. 

Beneficially, the extraction liquid can, and preferably 
does, further comprise a preservative, such as, sodium 
azide, thimerosal or sodium benzoate. The extraction 
liquid can further, and preferably does, comprise at least 
one surfactant. The purpose of the surfactant is two- 
fold: to assist in solubilization of the sample, and to assist 
in migration of the sample along the immunochemical 
test matrix. Exemplary surfactants include, but are not 
limited to, alkyl glucosides, betaines, bile acids, gluca- 
mides such as, for example, MEGAtm-8, -9 and -10 
(available from Sigma Chemical Co.), and polyoxyethy- 
lenes, such as for example, the TRITON tm , GENA- 
POLtm (available from Hoechst Celanese), THE- 
SIT TM , BRIJ TM , TWEEN TM and PLURONIC TM 
surfactants (available from Sigma). Preferably, the sur- 
factant is TRITON X 100. 

The size of vial 100 is such that it is preferred that 20 
between about 0.2 ml and 2 ml of extraction liquid is 
included therein (or, in the case of kits, added thereto). 
Most preferably, about 0.4 ml of an extraction liquid 
comprising phosphate buffered saline (pH 7.4), 1% 
bovine serum albumin (w/v), 3.6% Triton X-100 (volu- 25 
me/volume), and 0.1% (w/v) sodium azide is utilized. 

The extraction vial can further incorporate additional 
features consistent with the objectives of the vial. For 
example, antibodies specific for interfering analytes 
(i.e., analytes in the sample that are preferably not 30 
added to the diagnostic matrix) can be covalently at- 
tached to the inner walls of the vial. The intent of such 
antibodies is to "remove* 1 such interfering analytes from 
the liquid which is released into the matrix. Methodolo- 
gies for covalently attaching antibodies to materials 35 
such as polyethylene are well known and will not be 
discussed herein in detail. Additionally, the extraction 
liquid itself can include (or can have added thereto), 
soluble antibodies to the desired analyte such that upon 
introduction of the test sample-comprising analyte, the 40 
soluble-antibody :analyte conjugate can be released onto 
the matrix. The extraction liquid can also comprise (or 
have added thereto), insolubilized antibody specific for 
interfering analytes; insolubilizing materials, such as 
latex particles, etc., are well known and will not be set 
forth herein detail. In such a configuration, it is pre- 
ferred that a mesh material be utilized such that the 
insolubilized materials cannot pass through (or clog) the 
leading end of the nozzle. 

Other materials can also be utilized in conjunction 
with objectives of the vial. For example, with fecal 
occult blood ("FOB") screening for colo-rectal cancer, 
it is known that blood from the lower gastrointestinal 
CGI'*) tract may be indicative of such cancer, while 
blood from the upper GI tract (which may be indicative 
of an ulcer but which is not indicative of such cancer) 
can lead to so-called false-positive tests. I.e., for FOB 
screening, typically only lower GI blood is of import. It 
is also known that as blood passes through the stomach, 
hydrochloric acid converts the relatively uncharged 
hemoglobin in the blood to hematin and related hemo- 
globin breakdown products ("HBPs"); these are highly 
charged. Because blood from the lower GI tract has not 
passed through the hydrochloric acid in the stomach, 
the hemoglobin therein is not charged. These facets can 
be beneficially exploited. 

For example, the extraction vial and/or liquid can 
include (or have added thereto) an ion exchange mate- 
rial such that hematin and HBPs which may be present 
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in the . sample are selectively attracted thereto via a 
charge interaction. Hemoglobin from lower GI bleed- 
ing, which is not charged, is not attracted to such mate- 
rial. Accordingly, use of such materials allows for the 
selective release of extraction liquid comprising (if pres- 
ent) lower GI tract hemoglobin onto the matrix. This 
protocol provides a highly specific screening protocol 
for colo-rectal cancer. 

Ion exchange materials are well known and will not 
be discussed herein in detail. Materials which can serve 
as ion exchange media typically possess, but are not 
limited to, media with functional groups such as: alkyl- 
carboxylates, alkylsulfonates, arylsulfonates, primary 
alkylamines, secondary alkylamines and quaternary 
amines. Specific ion exchange materials are available 
from Analytichem International, Inc. (Harbor City, 
Calif.); particularly preferred ion-exchange materials 
are, e.g., PSA, SAX and PRS. PSA is an anion ex- 
changer, where the functional group is ethylenedia- 
mine-N-propyl; SAX is an anion exchanger, where the 
functional group is trimethylaminopropyl (chloride 
form); and PRS is a cation exchanger, where the func- 
tional group is sulfonylpropyl (sodium form). 

While the foregoing has been described in consider- 
able detail, it is to be understood that the foregoing 
description and drawings of preferred embodiments are 
not to be construed as limiting the disclosure or the 
claims to follow. Modifications which are within the 
purview of the skilled in the art are included with the 
scope of the disclosure and the claims to follow. 

What is claimed is: 

1. A vial suitable for use with an extraction liquid, 
comprising: 

a reservoir portion defining a chamber consisting of a 
pair of spaced, flat, generally parallel walls, the 
walls being compressible; 

a neck portion integral with the reservoir portion at a 
first end of the reservoir portion, the neck portion 
defining an opening into the reservoir portion and 
a channel surrounding the opening; 

a nozzle portion integral with the reservoir portion at 
a second end of the reservoir portion, the nozzle 
portion narrowing to a leading end and including a 
passage connecting with the chamber and the lead- 
ing end; 

a sealing closure connected to the leading end by a 
line of weakness so as to close the leading end; 

a base integral with the sealing closure located oppo- 
site from the nozzle portion, the base including a 
support surface generally perpendicular to a cen- 
tral axis of the vial for stably supporting the vial in 
a generally vertical, upright position; 

a support tab integral with and extending between the 
nozzle portion and the base; and 

a cap including a portion adapted to be snugly re- 
ceived and removably rigidly maintained within 
the channel. 

2. A vial as in claim 1 wherein the walls of the cham- 
ber include means for providing a gripping surface on 
the exterior of the walls. 

3. A vial as in claim 1 wherein the vial further com- 
prises an extraction liquid in the chamber of the reser- 
voir portion adapted for use in the analysis of biological 
or chemical materials. 

4. A vial as in claim 1, the nozzle portion further 
comprising an annul us projecting upward into the pas- 
sage and located at the leading end of the nozzle por- 
tion. 
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PUSH COLUMN CHROMATOGRAPHY 
APPARATUS 

This application is a divisional of application Ser. No. 5 
08/084,533, filed Jun. 28, 1993, now U.S. Pat No. 
5,378,360, which is a divisional of application Ser. No. 
07/827,995, filed Jan. 3a 1992, now U.S. Pat No. 
5,378,359, which is a continuation of application Ser. 
No. 07/292,808, filed Jan. 3, 1989, now abandoned. 10 

BACKGROUND OF THE INVENTION 

1. Held of the Invention 

The present invention relates to an apparatus and 
methodology for the chromatography of materials, and 15 
in particular, chromatography based on molecular size, 
affinity and the like as used, for example, in the purifica- 
tion, separation or isolation of DNA and RNA frag- 
ments, proteins and other molecules. 

2. Background Art 20 
Removing unincorporated nucleotides from DNA 

and RNA fragments, isolating RNA fractions, purifying 
proteins and other macromolecules, are important pro- 
cedures having a variety of applications. In DNA and 
RNA synthesis, unincorporated nucleotides must often 25 
be removed when constructing nick-translated probes, 
RNA probes and end-labeled oligonucleotides, as well 
as "filled-in" DNA fragments. It is important to sepa- 
rate the unincorporated free-nucleotides from the la- 
beled probe as unincorporated label may bind to the 30 
solid support, resulting in unacceptably high levels of 
background noise. Isolation of RNA fractions may be 
employed in the separation of, for example, polyadeny- 
lated RNA from nonpolyadenylated RNAs. The use of 
chromatography methods to isolate and identify prote- 35 
ins and other macromolecules is another well known 
application. 

Current chromatography methods, used particularly 
in connection with DNA and RNA synthesis, include 
ion-exchange chromatography several variations of eel 40 
chromatography and others. Each has its own disad- 
vantages. For example, ion-exchange methods require a 
number of steps which may result in a significant invest- 
ment of time and, in the case of radio-labeled nucleotide 
filtering, extensive handling of radioactive material 45 
Conventional gel-chromatography "drip" columns are 
tedious, requiring time to both pour and run. Spin col- 
umns, a variation of the "drip" column, are somewhat 
faster, but risk radiation exposure and contamination in 
the case of radionucleotide chromatography, and may 50 
. yield less reliable results. 

An alternative chromatography approach which 
avoids the aforementioned difficulties would therefore 
be desirable. 

SUMMARY OF THE INVENTION 55 

The present invention is directed to an apparatus and 
method for purifying, isolating and separating materials 
using gel chromatography. To that end, a chromatogra- 
phy material and a sample may be loaded into a column 60 
and pneumatic pressure applied to urge the sample 
through the chromatography material, whereby por- 
tions of the sample may be collected by the chromatog- 
raphy material and other portions excluded. In one 
embodiment, a positive pneumatic pressure is provided 65 
and in a second embodiment a negative pressure is ap- 
plied. Additionally, a novel support structure may be 
employed to support the column during chromatogra- 



2 

phy. The sample may thus be quickly and reliably 
treated. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an exploded perspective view of an appara- 
tus constructed in accordance with the present inven- 
tion comprising a column, pressure inducing means, a 
collection vial and associated support structure. 

FIG. 2 is a cross-sectional view of the apparatus of 
FIG. 1 in a loaded position. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 and 2, a chromatography appa- 
ratus constructed in accordance with the present inven- 
tion comprises a generally disk shaped base 10 having a 
pair of retainers 12 and a generally cylindrical vial hold- 
ing assembly 20 mounted thereon. Centrally located in 
the vial holding assembly 20 is a cylindrical chamber 22 
for supporting a collection vial 30, into which the eluent 
from the column may be collected. The vial 30 may be 
a decapped Eppendorf tube or other suitable collection 
means. Removably mounted to the base 10, and slide- 
ably engaging the exterior wall of the vial holding as- 
sembly 20, is a generally cylindrical column support 
assembly 40. The column support assembly 40 includes 
a central aperture 42 formed in the generally planar 
upper surface 44 thereof. As shown in FIG. 2, the sup- 
port assembly may have a resilient collar 46, such as an 
"O" ring or the like, positioned circumferentially adja- 
cent the aperture 42, and a collar retainer 48 adapted to 
retain the collar 46 adjacent the aperture 42. Alterna- 
tively, as shown in FIG. 1, the collar 46 and the retainer 
48 may be eliminated. 

Optionally, a generally cylindrical pressure inducing 
means support assembly 50 may be removably mounted 
on the base 10. The support assembly may comprise a 
central aperture 52 formed in the generally planar upper 
surface 54 thereof, and is configured to slideably engage 
the exterior wall of the column support assembly 40. 
The aperture 52 is preferably axially aligned with the 
aperture 42 in the column support structure 40, which 
itself is preferably axially aligned with the chamber 22 
in the vial holding assembly 20. 

Alternatively, as shown in FIG. 1, the support assem- 
bly 50 may include an upper surface 54 having no aper- 
ture therein. The support assembly 50 may be further 
provided with a pair of locking tabs 54 adapted to en- 
gage the retainers 12 on the base 10 to lock the support 
assembly 50 in place during use. Other suitable locking 
mechanisms, such as threads, could also be employed. 
The assemblies 20, 40 and 50 may be formed of a radia- 
tion shielding material or, preferably, are constructed to 
fit securely inside a beta shield device. Molded plastic 
materials have been found suitable although other mate- 
rials may also be employed. 

Supported by the column holding assembly 40 above 
the vial 30 is a substantially tubular chromatography 
column 60. The column 60 may be about 1 ml in size, 
having a preferred internal diameter of about S mm and 
a preferred length of about 100 mm, and comprises 
openings 62 and 64, respectively, at each end thereof. 
An annular lip 66 may be provided circumferentially 
adjacent the upper opening 62, as shown in FIG. 1. The 
upper opening 62 is adapted to receive a chromatogra- 
phy material 70 and a sample 80 to be filtered. The 
lower opening 64 has an area of reduced cross-section 
adapted to prevent passage of the chromatography 
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material 70 while permitting passage of the sample 80. employed, the support assembly locking mechanism can 
Additionally, a screen or filter 68, comprising, for ex- be actuated to retain the plunger in a fully depressed 
ample, glass wool, may be employed to retain the chro- condition. As the sample proceeds through the chroma- 
matography material 70 within the column 60. Prefera- tography material, the smaller molucules, for example, 
bly, for a tubular column, the internal diameter should 5 unincorporated nucleotides, are partitioned into the 
not exceed about 10 mm for most chromotography pores in the chromatography material while the large 
applications, lest the surface tension of the sample be molucules, for example, DNA or RNA fragments, are 
insufficient to prevent effervescence and consequent excluded. The eluent from the column should be sub- 
loss of pressure through the sample. Increasing the stantially free of unincorporated nucleotides, 
length of the column 60 should enhance the degree of 10 A similar procedure may be employed for affinity 
separation. Preferably, the column should be no less chromotagraphy applications such as hybridization of 
than about 60 mm in length. complimentary strands of nucleic acids. For example, to 
Pneumatic pressure inducing means 90, in this case a separate polyadenylated RNA from nonpolyadenylated 
syringe, may be attached to the upper opening 62 of the RNA, oligo(dT>cellulose may be employed as a chro- 
column 60. As- shown in FIG. 1, the syringe 90 may 15 matography material. Under appropriate buffer condi- 
include a series of threads 92 which engage the annular tions, the desired polyadenylated RNA will bind with 
Up 66 of the column 60 to retain the column 60 and the the oligo (dT)-celiulose chromatography material while 
syringe 90 in mutual engagement In a first embodiment the nonpolyadenylated RNAs will be eluted into the 
of the invention, the syringe 90, having the plunger 94 collection vial 30. The polyadenylated RNA can be 
withdrawn as shown in FIG. 2, may be attached to the 20 recovered by a second buffer condition. Other affinity 
column 60 and a positive pneumatic pressure differen- chromotography applications include the purification 
tial applied between the openings 62 and 64 of the col- of specific nucleic acid sequences, for example, viral 
n mn 60 by depressing the plunger. In that case, the genomic sequences, by generating complementary oli- 
support assembly 50 may be placed over the support gonucleotides. 

assembly 40. As the assembly 50 is lowered, its upper 25 Thus, an apparatus and chromatography method 

surface 54 (if no aperture 52 is provided) will contact employing a pneumatic pressure differential have been 

the plunger 94 and automatically depress same until the disclosed. While embodiments and applications of this 

bottom of the support assembly 50 meets the base 10. At invention have been shown and described, it would be 

that point the support assembly 50 may be twisted until apparent to those skilled in the art that many more 

the locking tabs 54 mate with the retainers 12. If an 30 modifications are possible without departing from the 

aperture 52 is provided in the support assembly 50, the inventive concepts herein. For example, although puri- 

plunger 94 will extend therethrough and may be manu- fication of DNA and RNA fragments and separation of 

ally depressed. In an alternative embodiment, not polyadenylated from nonpolyadenylated RNAs has 

shown, the pressure inducing means 90 may be attached been disclosed, many other chromotography applica- 

to the lower opening 64 of the column (the column may 35 tions would be possible. The invention, therefore, is not 

be removed from the support assembly 40 in that case) to be restricted except in the spirit of the appended 

and the sample drawn through the column by a negative claims, 

pressure differential between the openings 62 and 64. What is claimed is: 

The chromatography procedure may be commenced 1. An apparatus for supporting a chromatography 

by removing the column holding assembly 40 from the 40 column pressurized by a syringe and for supporting a 

base 10 and inserting the collection vial 30 into the collection vial at a discharge end of the column, the 

aperture 22 in the vial holding assembly 20. The column apparatus comprising: 

holding assembly 40 is then returned to the base 10. The a base; 

column 60 is inserted into the aperture 42 in the column a vial support coupled to the base and having a cham- 

holding assembly 40 and positioned so that the lower 45 ber therein adapted for receiving and supporting a 

end of the column extends into the collection vial 30. collection vial; 

An appropriate chromatography material may then be a column support including a first hollow cylinder 

introduced into the column 60 using the syringe 90, or with an open lower end that slidably couples to the 

other suitable means. vial support on the base and an upper end with a 

If unincorporated nucleotides are to be removed from 50 hole therein adapted to support the column; and 

DNA or RNA fragments, gel chromatography material a syringe support including a second hollow cylinder 

such as a polysaccharide or polyacrylamide, having a with an open lower end that slidably couples to the 

selected degree of internal porosity, may be employed. column support and an upper end adapted to en- 

The sample containing DNA or RNA fragments (large gage the syringe. 

molecules) and unincorporated nucleotides (smaller 55 2. The apparatus as recited in claim 1 wherein the 
molecules) may be introduced into the top of the col- column has a flange at an upper end thereof and said 
umn 40 using a suitable pipetting device. Capillary ac- column support engages the column flange to longitudi- 
tion draws the sample into the upper portion of the nally support the column, and wherein said syringe 
chromatography material, i.e., between the * < beads" support has an upper surface inside the cylinder that 
comprising the material as shown in FIG. 2. Preferably, 60 engages the top of a plunger of the syringe so that the 
if a 1 ml column is employed, about 10-50 ul, preferably syringe support displaces the plunger downward when 
50 ul, and no more than about 200 ul, of sample may be the syringe support is displaced downward, 
introduced. With the column thus prepared, the syringe 3. The apparatus as recited in claim 2 further compris- 
90 may be attached with the plunger fully extended to ing means for releasably locking the syringe support to 
the column 20. The plunger may then be firmly de- 65 the base when the syringe support is displaced down- 
pressed (with or without use of the support assembly ward into contact with the base. 
50) until the sample is pushed through tie column into 4. The apparatus as recited in claim 1 wherein said 
the collection vial 30. If the support assembly 50 is hole in the upper end of the column support laterally 
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supports the column, and wherein the syringe has a 
flange at an upper end thereof and said syringe support 
includes a hole in the upper end that engages the syringe 
flange to longitudinally support the syringe. 
5. The apparatus as recited in claim 1 wherein said 



column support and said syringe support are composed 
of radiation shielding materials. 
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[57] ABSTRACT 

A syringe type column used for liquid chromatography, 
wherein a stationary phase (4) and a solvent for devel- 
opment (5) are placed in a cylindrical barrel (1), and an 
air vent (2a) extends through a plunger (2) which is 
inserted in the barrel. Development is effected, while 
the air vent (2a) is closed to prevent air leakage there- 
through, by pushing down the plunger (2). When the 
plunger (2) is drawn out in order to supplement the 
solvent for development, air flows into the cylindrical 
barrel (1) through the air vent (2a) so that an inner space 
of the barrel (1 ) is not held under a negative pressure 
and the stationary phase (4) is not disturbed. 



9 Claims, 2 Drawing Sheets 



2b 
/ 




01/02/2002, EAST Version: 1.02.0008 



U.S. Patent Nov. 30, 1993 



Sheet 1 of 2 



5,266,193 




Fig. 3 



01/02/2002, EAST Version: 1.02.0008 



U.S. Patent Nov. 30, 1993 Sheet 2 of 2 5,266,193 



•2' 



2d-^ ^-2e 



Fig. 4 



01/02/2002, 



EAST Version: 



1.02.0008 



5,266, 



SYRINGE TYPE COLUMN FOR 
CHROMATOGRAPHY 

This is a division of application Ser. No. 07/764,974 5 
filed Sept. 23, 1991, now U.S. Pat No. 5,186,839 which 
is a continuation of Ser. No. 07/459,828 filed Jan. 26, 
1990, now abandoned. . 

BACKGROUND OF THE INVENTION , 0 

This invention relates to a syringe type column to be 
used for chromatography, and more particularly to a 
syringe type column having a novel structure, in which 
the uniformity in a stationary phase filled in a column 
may not be disturbed even after repeating operations of 15 
introducing a solvent for development thereto, so that 
the stationary phase filled in the column may not be 
disorganized or disturbed even after performing opera- 
tions where high separating efficiency are required. 

With recently required precision of chemical reac- 20 
tions, development of simple and convenient methods 
for purifying or separating a trace of a reaction product 
is becoming desideratum. As one of such methods, there 
has been contemplated a pressurized chromatography 
technique applied with a medium pressure in which a 23 
syringe is used as a column. In this method, a barrel of 
the syringe having a discharge port at the tip is first 
filled with a silica gel granule, an alumina granule or a 
cellulose fiber, to which a predetermined amount of a 
solution containing the reaction product to be separated 30 
is then introduced, and further a predetermined amount 
of a solvent for development Subsequently, a plunger is 
inserted in the barrel to be pressed thereinto gradually 
to effect development and separation of a desired ob- 
ject, which is sampled from the discharge port of the 35 
barrel. 

When high separating efficiency is tried to be ob- 
tained using this method, the following inconvenience 
occurs. 

For the purification or separation of the reaction 40 
product, it is generally necessary to introduce the sol- 
vent for development repeatedly to the stationary phase 
while uniformly maintaining it in the filled state. How- 
ever, in the above method, the plunger must be drawn 
out of the barrel every time the solvent for development 45 
is introduced into the barrel. When the plunger is drawn 
out of the barrel, an inner space of the barrel inevitably 
suffers a negative pressure, so that the air flows into the 
barrel through the discharge port at the tip thereof, and 
the filled state of the stationary phase is subject to turbu- 50 
lence due to the movement of the air flowing into the 
barrel to break down an equilibrium state formed 
therein. 

It is an object of this invention to provide a syringe- 
type column having a structure in which the solvent for 55 
development can repeatedly be introduced into the 
column while the equilibrium state formed in the sta- 
tionary phase is maintained and without causing the 
inconvenience as described above in said repeated intro- 
duction of the solvent for development. 60 

SUMMARY OF THE INVENTION 

The syringe type column of this invention comprises 
a cylindrical barrel having a solution discharge port at 
one end and an opening at the other end; and a plunger 65 
which is inserted from the open end of the cylindrical 
barrel and has at least one air vent formed to extend 
therethrough along the direction of an axis thereof. 



193 

2 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows, in longitudinal cross-section, a cylin- 
drical barrel which is one member of the column of this 
invention; 

FIG. 2 shows, in longitudinal cross-section, a plunger 
which is the other member of the column of this inven- 
tion; 

FIG. 3 is an illustration for explaining the operation 
of the column of this invention; and 

FIG. 4 shows another embodiment of the plunger of 
this invention. 

DETAILED DESCRIPTION 

The column of this invention will now be described in 
more detail referring to the drawings. FIG. 1 and FIG. 
2 show, in longitudinal cross-section, the cylindrical 
barrel and the plunger, respectively, which constitute a 
column when they are combined with each other. 

The cylindrical barrel 1 has, on the whole, for exam- 
ple, a cylindrical shape, wherein the solution discharge 
port la is provided at a bottom end and wherein an 
upper end is defined as the open end lb. The plunger 2 
has at least one air vent 2a formed to pierce or extend 
therethrough along the longitudinal axis thereof from 
an upper surface 2b to a lower surface 2c. 

The column of this invention is operated as follows: 
As shown in FIG. 3, the outlet of the solution discharge 
port la of the cylindrical barrel 1 is sealed with a liquid- 
permeable member 3 such as cotton. Next, a predeter- 
mined amount of a stationary phase 4 is filled into the 
barrel 1. As the stationary phase 4, a suitable one may be 
selected depending on the purpose from those used for 
ordinary column chromatography and HPLC. Subse- 
quently, a predetermined amount of sample solution is 
introduced from the open end lb and then a predeter- 
mined amount of a solvent for development 5 is further 
introduced. 

The plunger 2 is then inserted in the open end lb to be 
pressed into the barrel 1 with finger pressure of an oper- 
ator being applied to the upper surface 2b thereof. 

As the plunger 2 is pressed into the barrel 1, the sol- 
vent for development 5 permeates through the station- 
ary phase 4, whereby a desired object can gradually be 
eluted. When the lower surface 2c of the plunger 2 
substantially comes into abutment against an upper sur- 
face of the stationary phase 4 after consumption of the 
solvent for development 5, the finger applied to the 
upper surface 2b of the plunger 2 is released to draw out 
the plunger 2. 

In the above drawing-out process, air flows into the 
barrel 1 through the air vent 2a, so that an inner space 
of the barrel 1 will never suffer negative pressure. 
Moreover, since the air flows in not through the solu- 
tion discharge port la but through the air vent 2a of the 
plunger 2, the stationary phase 4 will never be subject to 
turbulence due to the movement of the in-flowing air. 

FIG. 4 shows another embodiment of the plunger 2' 
in which two air vents 2d and 2e are formed to pierce or 
extend therethrough. In the plunger 2' of this embodi- 
ment, the solvent for development 5 can be introduced 
into the barrel 1 through the other air vent 2e without 
drawing out the plunger X therefrom. 

The cylindrical barrels 1 and plungers 2, T may be 
made of glass or a resin such as polyethylene. 

As is apparent from the above description, the col- 
umn of this invention has very high practical value, 
since the solvent for development 5 can be introduced 
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thereinto repeatedly without breaking down the equi- and for thereby preventing said stationary phase 

librium state formed in the stationary phase 4 to thereby from being subjected to turbulence due to the 

obtain high efficiency of separating the desired object. movement of in-flowing air through said solution 

We claim: discharge port during said drawing out of said 

1. A syringe type column for use in chromatography 5 plunger from said barrel, 

steed and dimensioned for separation of a reaction prod- 2. The syringe type column of claim 1, wherein said 

uct, comprising: plunger has a longitudinal axis, and said at least one air 

a generally cylindrical barrel having a solution dis- V ent extends along said longitudinal axis. 

*"! Md "? opening at another 3 . ^ syringe ^ column of daim , wherem said 

. * ste »°^P hase suitable for ordi- 10 ]unger ^ a , ongitudmal ^ ^ said at Ieast one ^ 

££%* to * nphv or HPLC umfonn, y vent extends substantially parallel to said longitudinal 

8 KfZ^ *r^L C n^ 8 ??■ S0,uti0 ° dis - "4.' The syringe type column of claim 1, wherein said 
charge port to the passage of the stationary phase; i u * r « Vj- i. 

a source of liquid solvenTfor development; 15 plunger ***** 0Uter T*? ?? "S" 8 

said barrel having respective volumes therein to be con ^ct w lt h inner walls of sad cylindrical barrel 

occupied with a stationary phase, a sample liquid f 5 ' ™ e u svnn S c type column of claim 1, wherein said 

solution containing a trace substance to be purified P Iun « cr a [. l ? rt ^ K5ed H«t air vents formed 

or separated therefrom, and a liquid solvent for therein and which extend therethrough in a longitudinal 

development; and 20 dircctic > n thereof - 

a plunger which is repeatably insertable into and 6 ^ synnge type column of claim 5, wherein said 

repeatably removable from said barrel, said plunger has a longitudinal axis, and said at least two air 

plunger having at least one air vent formed therein, vents ext end substantially parallel to said longitudinal 

said at least one air vent extending through said axis - 

plunger in a longitudinal direction of said plunger, 25 Th e synnge type column of claim 5, wherein said 

said at least one air vent communicating the inte- plunger has an outer surface portion in sliding sealing 

rior of said barrel with the outside of said barrel; contact with inner walls of said cylindrical barrel, 

said at least one air vent being manually closable by 8- The syringe type column of claim 5, wherein said 

an operator during insertion of said plunger into at least two air vents extend completely through said 

said barrel to cause said solvent for development to 30 plunger from one end surface to an opposite end surface 

permeate through said stationary phase, and said at thereof. 

least one air vent being manually operable by the 9. The syringe type column of claim 1, wherein said 

operator during drawing out of said plunger from at least one air vent extends completely through said 

said barrel for allowing air to flow into the interior plunger from one end surface to an opposite end surface 

of said barrel through said at least one air vent 35 thereof. 

when said plunger is drawn out from said barrel * * * * * 
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[57] ABSTRACT 
An apparatus for controllably and reproducibly intro- 
ducing, small amounts of a liquid sample into chromato- 
graphic systems, especially high resolution gas chro- 
matographic systems with cold injection, thin-layer 
chromatographic systems and high resolution liquid 
chromatographic systems, in order to obtain sampling 
extremely reduced in volume and presenting maximum 
reliability and reproducibility, uses a sample container 
having a pipette-like or nozzle-like outlet neck of very 
small diameter. The liquid placed in the container is 
submitted to at least one pressure pulse which is con- 
trolled in duration and/or amplitude in order to deter- 
mine emission of a corresponding and controlled quan- 
tity of liquid from the outlet neck. 

9 Claims, 9 Drawing Figures 
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APPARATUS FOR CHROMATOGRAPHIC 
SAMPLE INJECTION 

This application is a continuation-in-part of U.S. Ser. 
No. 304,780, filed Sept 23, 1981, now U.S. Pat No. 
4,405,344 issued Sept. 20, 1983, the disclosure of which 
is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an apparatus to per- 
form sampling in chromatographic systems with very 
small amounts of liquid sample, said apparatus being 
particularly applicable to high resolution gas chromato- 
graphic systems with cold injection, using capillary or 
micropacked columns, to high resolution liquid chro- 
matographic systems, or to thin-layer chromatographic 
systems. Use of this apparatus makes it possible to per- 
form controllable and reproducible sampling on very 
small amounts of sample, with values unattainable 
through the techniques usually employed for liquid 
sampling in chromatographic systems and particularly 
using micro-syringes or pipettes. 

2. Description of the Prior Art 

For all chromatographic systems problems arise for 
injecting in a volumetrically controlled and reproduc- 
ible way very small quantities of sample into a chro- 
matographic system. In gas chromatographic systems 
with cold injection, when a cold on-column or a cold 
splitless injection (according for example to the method 
described in US. Pat No. 4,383,839) are used, it has 
been foreseen the necessity to inject small sample 
amounts in order to reduce or eliminate the problems 
created by a high content of diluting solvent (flooding 
effect, partial solvent trapping effect etc). But also when 
cold split injection is considered a small sample is ad- 
vantageous due to the fact that it requires a lower split- 
ting ratio and then errors or discriminations generally 
arising at high splitting ratios are avoided (see for exam- 
ple K. Grob Jr. and H. P. Neukom— Journal of H R C 
& C C Vol. 2 September 1979; 563-569). The modern 
tendency to use small bore capillary columns also re- 
quires the injection of small sample sizes unachievable 
with the dosing systems used today. 

In thin-layer chromatography the use of very small 
sample volumes is especially required (A. Zlakis and R. 
E. Kaiser: HPTLC Elsevier Scientific Publishing Com- 
pany—Institute of Chromatography Bad Diirkheim 
1977; 85-94). 

Both these injection systems use syringes, mi- 
crosyringes or pipettes as will be described later on. 

The high resolution liquid chromatography systems 
usually use injectors with sampling valves having a loop 
wherein the sample is loaded for instance by means of a 
syringe. The loop is then connected with the column 
and with a source of eluting liquid solvent under pres- 
sure, to force the sample through the column. 

In this case too, small volumes of sample are pre- 
ferred and often imposed by the characteristic of the 
column. The modern trend is the use of microbore and 
capillary packed columns. Of course in all described 
injection systems it is necessary to obtain not only small 
sample quantities, but small sample quantities exactly 
measured and injected in a perfectly reproducible man- 
ner. 

The microsyringes used in chromatography are gen- 
erally of the type with calibrated body (capable of sam- 
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pling amounts ranging from 0.2 to 10 microliters) or of 
the type with calibrated needle, where the piston pene- 
trates into the needle. The latter microsyringes are ca- 
pable of handling smaller quantities of samples, in a 

5 reliable and reproducible way, but only within certain 
limits, in particular with lower limits of about 100-200 
nanoliters. Below this limit, the high surface tension of 
the liquid and the relatively reduced speed of the piston 
movement do not allow the drop, which has formed at 

10 the needle end, to fall from it, considering the reduced 
diameter of the outlet nozzle of the needle. Precision is 
moreover negatively affected by poor sealing between 
piston and calibrated needle. Another known system is 
the sampling system commonly used in the laboratory 

15 and named "pipette system" in which a calibrated tub- 
ing is filled with a liquid to be transferred by filling the 
pipette due to capillary forces or by sucking it into the 
tubing. The liquid amount placed in the tubing is re- 
tained in the tubing by the capillary forces or by closing 

20 one end when liquid aspiration has been carried out. 
Then, an injection of the liquid is made by opening said 
end or pushing the liquid by the carrier gas. This sam- 
pling method or transfer method of determined amounts 
of liquid is well known and has been used in gas chro- 
matography too, but however only for quantities usu- 
ally measurable in a rather rough way. The literature 
reports a lower limit of 25-50 nanoliters (see R. 
Kaiser— Gas Phase Chromatography— Vol. I pp. 90-9- 

3Q 5— Butterworths 1963— London) but thise limits are 
difficult to reach and anyhow require small tubes filled 
exclusively due to capillary forces. This implies that the 
volume of liquid injection is difficult to control and 
reproduce. * 

35 Therefore it can be considered that, of course accord- 
ing to the nature of the liquid substance to be sampled, 
a lower limit exists, generally between 50 and 200 nano- 
liters, below which it is not possible to go in reliable and 
reproducible manner using microsyringes or micropi- 

40 pettes. 

The above mentioned quantitive limitations, how- 
ever, are such that the operator is often forced to per- 
form accessory operations imposed by the relatively 
high quantities of sample that has to be introduced into 

45 the chromatographic system. In particular, sometimes 
the sample must be diluted in a dilution ratio which is 
oftem very high (of the order of 1:10000 or more), with 
an operation which may involve difficulties in the exact 
analytical determination of the sample and in that it can 

50 introduce discriminations or variations in the sample 
original conditions. 

In other cases, a splitting operation is necessary, that 
means the elimination of a high percentage of the quan- 
tity fed to the injector, before its introduction into the 

55 column, which operation may involve even higher risks 
of discriminations especially as above said, with night 
split ratios. Between the known injection systems, Kai- 
ser, Gas phase Chromatography, Vol. 11, pags. 59-62, 
discloses methods and apparatus for sample injection 

60 into gas chromatographic systems. Two particular 
types of injection devices arc shown in FIGS. 26 and 27 
of the reference. Both the injection devices described 
by Kaiser are versions of a micropipette type device. 
They are designed to be filled by capillarity with an 

65 uncontrollable quantity of liquid, which is then injected 
in its entirety into the evaporation area of sampling 
system. Sample sizes are in tenth of microliter range, 
roughly two orders of magnitude larger than the size of 
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sample which can be obtained according to the present 
invention. 

The device of FIG. 27 of Kaiser is quite similar to 
that of FIG. 26. Again, the sample size is determined in 
the filling operation. This device is also capable of han- 5 
dling solids which can be melted to give a homogeneous 
liquid. 

Taft et al., U.S. Pat No. 3,366,149, discloses a system 
for injecting samples which is particularly useful for 
injecting larger samples for preparative gas chromatog- 10 
raphy. In this system, a constant pressure is maintained 
on the surface of a liquid in a sample container commu- 
nicating with a heater through a valve. The valve is 
controlled by a solenoid pulser, which operates to open 
the valve for a controllable time interval. 15 

This reference is relied upon for its showing of pulse 
flow. However, the pulse operates on the valve, and the 
reference does not show a pressure pulse operating on a 
liquid whose flow is not constrained by a valve. Rather 
than operating to inject samples in the picoliter or nano- 20 
liter range, the system of Taft operates to inject samples 
of the order of milliliters. The system is not designed to 
deal with very small sample sizes, and operates on an 
entirely different principle. 

It will be seen from the above comparison that the 25 
prior art sample injection devices operate by control- 
ling sample size in the filling step and injecting the 
entire contents of the filled injection system using pres- 
sure in a different way from the way in which it is em- 
ployed in the present invention. Even a combination of 30 
the cited references would only lead the skilled art 
worker to a pipette of the type shown in FIG. 26 or 27 
of Kaiser which, however, is actuated by a pulsed 
valve. This type of device is typical of a titration burette 
which commonly delivers minimum sample quantities 35 
of 0.1-0.2 milliliters, and is unable to deliver samples in 
the picoliter or nanoliter volume range. 

OBJECTS OF THE INVENTION 

Accordingly, an object of the invention is to provide 40 
an apparatus making it possible to perform sampling in 
chromatographic systems with small amounts of liquid 
sample; for instance from 10 picoliters to 50 nanoliters, 
in a reproducible way under the same conditions and 
sample type. 45 

Another object of the present invention is to provide 
an apparatus, wherein the volumetric dosage of the 
substance injected into the chromatographic system is 
performed with the maximum of reliability, precision 
and reproducibility, during the injection stage itself. 50 

SUMMARY OF THE INVENTION 

According to the invention an apparatus is provided 
for volumetrically controlled and reproducible injec- 
tion of small quantities of liquid sample into a chromato- 55 
graphic system comprising, in combination with an 
injection device for a chromatographic system: 

a sample container having a volume grater than a 
desired liquid sample volume and having a pipette— or 
nozzle-shaped neck at its outlet, terminating in an open- 60 
ing with a diameter of 1-100 jam; 

positioning means for operatively positioning said 
sample container in a sample injection device of a chro- 
matographic system, for injection of a sample through 
said outlet opening; and 65 

pulse means communicating with said container for 
applying to a liquid inside the container at least one 
pressure pulse of controlled amplitude and duration, 
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and ending in an abrupt pressure drop; wherein said 
pulse means comprises at least one transducer capable 
of producing at least one pressure pulse of high ampli- 
tude and short duration in the sample container; a pulse 
source for exciting said transducer; and means for ad- 
justing at least one of the amplitude or the number of 
the pulses. 

Therefore, by such apparatus, it is now possible to 
carry out sampling of extremely reduced quantities of 
liquid, using a container which can be of the substan- 
tially traditional type, except for the outlet neck, to 
which a device can be applied which allows to create 
said pressure pulse, in such a way that the sample draw- 
ing and eventual washing of the container can be per- 
formed with extremely simple and traditional systems 
and means, through being possible to perform said sam- 
plings with extremely reduced quantities. 

According to the invention said pulse means may 
comprise the application, to the container body and/or 
to means mechanically connected with the same, of a 
mechanical pulse, obtained with a piezoelectric system, 
a magnetostrictive system or other similar system, 
which determines an extremely high and extremely 
quick pressure increase in the liquid and allows the 
detention of short duration rectangular pulses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an enlarged view, in axial section, showing 
possible shapes of the outlets of containers for samples 
to be used according to the invention. 

FIGS. 2 and 3 are examples of possible pressure 
pulses used in the method and equipment according to 
the invention to perform desired sampling. 

FIG. 4 diagrammatically shows an embodiment of 
apparatus for sampling by means of pressure pulses 
obtained with a piezioelectric system. 

FIGS. 5 and 6 are diagrammatic views of possible 
positions of the sample container in use with a cold 
split-splitless injection. 

FIG. 7 is a diagrammatic view showing the use of the 
apparatus in thin layer chromatography. 

FIGS. 8 and 9 are diagrammatical views showing the 
use of the apparatus in liquid chromatography with a 
known sample loading device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention relates, as already said, to an apparatus 
for sampling, in chromatographic systems, of liquid 
samples, said apparatus being particularly applicable to 
laboratory gas chromatography with cold split or split- 
less injection, in high resolution liquid chromatographic 
systems or in thin-layer chromatographic systems. This 
apparatus is capable of allowing injection of a very 
small liquid sample sizes compatible with the require- 
ments of high resolution chromatographyc sistem, with- 
out need of dilution, as it is necessary in traditional 
method and apparatus to obtain a precise dosage of the 
injected sample. Although larger amounts can also be 
injected, the apparatus which will be illustrated is par- 
ticularly suitable for the injection in a realiable and 
reproducible way, of liquid samples in quantities rang- 
ing between 10 picoliters and 50 nanoliters, i.e. amounts 
so small that they could not be handled with the previ- 
ously employed systems. 

The apparatus of the invention is based on the use of 
a container for the liquid sample which has a volume 
greater than that of the sample to be injected, said con- 
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tainer being made of any suitable material, for instance each pulse can be performed by varying the amplitude 

glass, metal, fused silica or any other material, and hav- of the electric pulse given to the device and conse- 

ing a pipette shape, a syringe needle shape or any other quently the pulse pressure value given to the liquid, said 

suitable shape. pressure value being in any case of one or several orders 

The essential condition is that said container, as indi- 5 higher than that necessary in the pneumatic case, 
cated by 10 or 12 in FIG. 1, presents a neck defining an The sampling apparatus illustrated in FIG. 4 operates 
outlet having a maximum size (a diameter d in this spe- with a piezoelectric system which, in that part including 
cific case) ranging from 1 to 100 u.m f preferably be- the element for formation and emission of the jet of 
tween 1 and 30 jxm. Said neck can be nozzle-shaped, as drops, is substantially configured like an inkdrop print- 
indicated by 14 in FIG. 1, and therefore has a preferred 10 j n g device, of the "jet on demand" type, known in itself, 
neck diameter d from 10 to 30 u.m, or micropipette- i t essentially comprises a container 44, for example but 
shaped, as indicated by 16 in the same FIG. 1, with a no t necessarily with a cylindric shape, made of glass or 
preferred diameter d from 1 to 20 u.m. The container, 10 fused silica, ready to be filled in its lower section with 
or 12 as illustrated in FIG. 1, can be filled by the usual t ^ e sample to be injected into the column, for instance 
methods, for instance by means of a syringe, by gravity, 15 introduced through the upper section thereof, 
or in any way whatsoever, with a quantity of liquid 18 -p^e container 44 ends in its lower section with a 
which is greater than the volume that is required to calibrated nozzle 14, as proviously indicated, through 
flow from the neck 14 or 16 to be analyzed in the chro- which the liquid jet of sample is emitted. Under atmo- 
matographic system. Once the container 10 or 12 Has S ph C ric pressure conditions, the liquid does not flow out 
been fed with the sample 18, it is necessary to check, 20 of tne nozz ] e 54 because of its surface tension. The 
especially in the case of the container 12 with a pipette- container 44 is connected to a transducer 50 of a piezo- 
like end, that the liquid goes as far as to reach the neck e i cctr j c type, capable of provoking, when excited, a 
14 or 16, forming a meniscus therein. Under these con- sudden volume variation inside the container 44 and 
ditions, taking into account the reduced size of the neck, therefore a sudden pressure variation in the liquid pres- 
the surface tension of the liquid prevents the latter from 25 ent m ^ such as tQ detcrrniri e thc flowing out of a cali- 
flowing out of the neck, forming drops, this obviously bfated jet of Qne of more drops through & t nozzle 14. 
provided that the neck 14 or 16 does not touch foreign The transducer 50) which is placed very ncar t0 the 
bodies, which may help the liquid to flow outside the u ^ housed for example in a bIock 52 
container made of plastic material, is excited by means of a source 

Once the feeding of the container 10 or 12 as previ- 30 rf lses ^ which have the characteristics 

ously indicated has been earned out, pressure on the iou$ , described( fee ding of the transducer 50 on its 

liquid 18 is exerted directly or indirectiy as schemati- P J a „ ^ a swkch 55 

cally shown by the arrows 20 m FIG 1 to ^ eject a * ^ ^ ^ ^ ^ 

mesured amount of liquid 18 through the eck 14 or 16 ^ m q{ Tq ^ 

Said pressure ^ controlled in amplitude and in time as 35 connected to vary the 

indicated in FIGS. 2 and 3, keeping into ^cr^on ^ce c<> mm unicated to the trans- 

that the liquid amount ejected depends both on the P P component 57 is also connected, ca- 

amphtude, namely the value of the pulse pressure, on uu ™ ~r» tt u \T, M *; rt „ „f n »ic» nr nf 

the duration of the pulse itself and on the number of pable of controlling the duration of the pulse or series of 

1 40 pulses. 
P As h can be seen from FIGS. 2 and 3. the pulse has a J" option, the container 44 must be .filled _with 
step configuration and it is very important that the : liquid ^^ t ? tM ^^ t ^^^ K ^l 
downwards section of same, namely pressure return to * '« . sect ' on ? "°^it'«f ™iS 
zero, be placed vertically as much as possible in order to transducer 50 is submitted to a pulse o series ^of pulses 
avoid, during this stage, in correspondence to the neck 45 having a predetermined amplitude, c taring wtac* in 
14 or 16. the formation of a drop which will remain in correspondence w.th the no ? zle 14, ajetof oneor more 
position, thus completely altering any measuring of the drops of sample liquid is emitted, in a small pre-set : teble 
injected sample. In the case of FIG. 2, the pressure quantity. Said jet presents high d.rectwnal«y and an 
pulse is a long duration pulse and reaches a value which extremely limited increase in diameter, so that it cm i be 
must be in any case higher than that necessary to over- 50 directed into a column with one the systems which will 
come the surface tension of the liquid in correspon- be considered, for example through the iiyecton port of 
dence with the neck 14 or 16. In relation to the pressure a direct injector, equipped with a slice type or rota- 
value, the duration At of the pulse is chosen, variable tive valve. 

from about a millisecond to about a second, in order to The amplitude of pulses may be regulated by the 

obtain the desired quantities of ejected liquid. 55 element 56, in order to obtain a corresponding regula- 

Alternatively, it can obsiously be possible to emit tion of the pressure increase provoked by said pulses 

several pulses having lower duration. However, for an and consequently of a first parameter affecting the oper- 

cxact reproducibility of sampling, it is very important to ative conditions, in particular of the correct formation 

reduce to the minimum the dead space, that is the gas of the jet of drops, considering the nozzle diameter and 

volume on which each pressure pulse acts. 60 the nature of the treated liquid. When the other condi- 

The situation illustrated in FIG. 3 is the one that tions are kept unchanged, the ejected quantity of a 

occurs in case of a pressure pulse exerted by means of given sample, thanks to the formation of a pulse having 

magnetostriction, or piezoelectricity. In this case, the a preset amplitude, is exactly definite and equal to a 

time At is extremely reduced and corresponds to the drop, and therefore the ejected quantity obtained by a 

resonance frequency of the laminations forming the 65 series of pulses will depend only on the duration of the 

magnetostriction device or to the frequency of the pi- latter and therefore on the number of pulses forming 

ezoelectric material, ranging from 10 to 100 KHZ, such series, because the time period of each pulse is 

while a certain regulation of the quantity emitted at determined by the transducer characteristics. 
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FIGS. 5 and 6 show the use of the injection apparatus 
in cold injection split or splitless gas-chromatography, 
for instance to carry out the method as depicted in the 
U.S. Pat. No. 4,383,839. 

In this case, the injector body 70 shows a neck 72, 5 
which advantageously has an axial length as small as 
possible and on the two sides of which there are posi- 
tioned a p re-column or vaporization chamber 66 and the 
container 10 or 12, the latter being preferably housed in 
the protecting collar 74, which provides for seating of 
said container 10 or 12 on the inner wall of the injector. 10 

In this case, it is advisable, as already said, (i) that the 
distance between the outlet neck 14 or 16 of container 
10 or 12 and the pre-column 66, as measured in an axial 
direction, be as small as possible, for instance 10 mm 
maximum, (ii) that the injection pressure of the jet into 15 
the neck 14 or 16 be sufficient for maintaining the latter 
in such a condition as to give rise to a very small open- 
ing angle of the jet, (iii) that the axial alignment of the 
neck 14 and pre-column 66 be perfect, and (iv) that a 
valve, f.i. a slide valve 70', be placed to close the injec- 2 n 
tor duct when the injection device is not in position. It 
is particularly important in this case that, during injec- 
tion, the carrier feeding, always according to arrows 68, 
be discontinued to avoid having the carrier gas drag the 
outside part of the injected sample, especially if the 
latter contains easily vaporizable substances. FIG. 7 25 
diagrammatically shows the use of an injection appara- 
tus as above described, in thin layer chromatography. 
The apparatus is the same as shown in FIG. 4 and the 
same components thereof are shown with the same 
reference numerals. The injector feeds a small volume 50 
of sample on a well known plate or dish 74 which is 
fixed when a radial elution is foreseen. As an alterna- 
tive, the dish 74 and the injector body 52 may have a 
relative rectilinear movement, as shown by arrow 76 
when a longitudinal elution in foreseen, 35 

FIGS. 8 and 9 show an injection device as used in 
high pressure liquid chromatography. As well known, 
the injection device uses a valve with two bodies which 
can be axially rotated in order to put the same in at least 
two different positions, namely a load position and an 40 
injection position, as diagrammatically shown in the 
upper part and respectively in the lower part of FIG. 8. 
In the load position of valve 78, a pump connected at 80 
feeds liquid under pressure to the column, which is 
connected at 82. A port for injecting the sample is! 45 
shown at 84 and is connected with a loop 86 having its 
other end connected to the valve at 92. Ports 88 and 90 
are connected to vents. In the load position the liquid 
from 80 enters the column in 82 and washes the same. A i 
sample introduction is carried out at port 84. Then the 50 
valve is rotated in its injecting position and the liquid 
from 80 enters the valve, washes the loop 86 and injects 
the sample in the column. In this case too it is important 
to have very small sample volumes and to this end the 
sample introduction at port 84 can be carried out as 55 
depicted in FIG. 9 by means of a device 12-74 of the 
type of that shown in FIG. 6. The valve 94 has a stator 
102 and a rotor 94 with a rotor seal 98 therebetween. A 
duct 104 with an interposed seal 100 crosses the three 
elements 94, 98 and 102 when the valve is in its load 60 
position. A slice valve 96 closes an enlarged outer part 
of duct 104, wherein the device 12-74 can be remov- 
ably housed to inject a calibrated sample small volume 
within the duct 104 until reaching the loop 86. Of 
course other types of devices, for instance similar to 65 
that of FIG. 4 or that of FIG. 5 can be used. 

Finally, it should also be noticed that the embodi- 
ments of the present invention as above illustrated and 
described can be submitted to several changes and vari- 
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ations without departing from the spirit and scop of the 
invention itself, these variations comprising the use of 
an automatic sampler, wherein the container is automat- 
ically filled and wherein sample emission occurs 
through several jets of sample. 
We claim: 

1. An apparatus for volumetrically controlled and 
reproducible injection of small quantities of liquid sam- 
ple into a chromatographic system, comprising, in com- 
bination with an injection device for a chromatographic 
system; 

a sample container having a volume greater than a 
desired liquid sample volume and having a pipette- 
or nozzle-shaped neck at its outlet, terminating in 
an opening with a diameter of 1- 100 urn; 
positioning means for operatively positioning said 
sample container in a sample injection device of a 
chromatographic system, for injection of a sample 
through said outlet opening; and 
pulse means communicating with said container for 
applying to a liquid inside the container at least one 
pressure pulse of controlled amplitude and dura- 
tion, and ending in an abrupt pressure drop; 
wherein said pulse means comprises at least one 
transducer capable of producing at least one pres- 
sure pulse of high amplitude and short duration in 
the sample container, a pulse source for exciting 
said transducer; and means for adjusting at least 
one of the amplitude or the number of the pulses. 

2. An apparatus according to claim 1, wherein said 
injection device is a gas chromatography injection de- 
vice comprising a cold sample split-splitless sampling 
system in which the vaporizing chamber is maintained 
cold during the liquid injection and thereupon heated to 
vaporize the sample. 

3. An apparatus according to claim 1, wherein said 
injection device is used to deposit the sample on thin 
layer chromatography plate. 

4. An apparatus according to claim 1 wherein said 
' injection device is a high resolution liquid chromatogra- 
phy injection device of the valve type containing a loop 
with a larger volume in which the small sample size is 
injected. 

5. An apparatus according to claim 1, wherein said 
transducer is a piezoelectric transducer, and said pulse 
source is a source of electric pulses of high amplitude 
and steep dropoff. 

6. An apparatus according to claim 5, wherein said 
sample container is made of glass or fused silica and is 
surrounded, near the outlet opening thereof, by a piezo- 
electric transducer embedded in a small block of a plas- 
tic material. 

7. An apparatus according to claim 1, wherein the 
sample container has at least a part thereof made of 
nickel in the portion containing the liquid sample; 
wherein the transducer comprises a magnetostrictive 
device capable of acting on said container part when in 
its operative position within a seat provided in said 
magnetostrictive device, and actuating means for apply- 
ing to said magnetostrictive device at least one current 
pulse having an adjustable amplitude, thereby produc- 
ing a corresponding pressure pulse acting on the liquid 
contained in the nickel part of said container. 

8. An apparatus according to claim 7, wherein said 
pulse has a duration which depends on the frequency of 
mechanical resonance of the magnetostrictive device 
and is adjustable in amplitude. 

9. An apparatus according to claim 1, wherein the 
diameter of the sample container outlet opening is 1-30 
urn. 

***** 
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ABSTRACT 



A method and apparatus for controllably and reproduc- 
ibly introducing small amounts of a liquid sample into 
chromatographic systems, especially high resolution 
gas chromatographic systems and thin-layer chromato- 
graphic systems, order to obtain sampling extremely 
reduced in volume and presenting maximum reliability 
and reproducibility, uses a sample container having a 
pipette-like or nozzle-like outlet neck of very small 
diameter. The liquid placed in the container is submitted 
to at least one pressure pulse which is controlled in time 
and/or amplitude in order to determine emission of a 
corresponding and controlled quantity of liquid from 
the outlet neck. Tlie pressure pulse can be a pneumatic 
pulse directly apjpiied to the liquid sample in the con- 
. tainer, or a mechanical pulse applied to the liquid sam- 
ple through a device acting by magnetostriction or by a 
piezoelectric system. 

22 Claims, 9 Drawing Figures 
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problems connected with the choice and the use of said 

METHOD AND EQUIPMENT FOR gas, such that it does not affect analyses. 

VOLUMETRICALLY CONTROLLED AND The above mentioned quantitative limitations, how* 

REPRODUCIBLE INTRODUCTION OF SMALL ever, are such that the operator is often forced to per- 

AMOUNTS OF LIQUID SAMPLES INTO 5 form accessory operations imposed by the relatively 

CHROMATOGRAPHIC ANALYSIS SYSTEMS high quantities of sample that has to be introduced into 

the chromatographic system and particularly into the 

BACKGROUND OF THE INVENTION capillary column. In fact, especially in the case of direct 

1. Field of the Invention injection without vaporization (oncolumn), particularly 
The present invention relates to a method and an 10 considered herein, the sample must be diluted in a dilu- 

apparatus to perform sampling in chromatographic tion ratio which * often verv w fi* ( of °. rder of 

systems with very small amounts of liquid sample, said 1 :1000 ° or morc )' with M operation which may involve 

method and said equipment being particularly but not difficulties in the exact analytical determination of the 

exclusively applicable to high resolution gas chromato- sample and in that it can introduce discriminations or 

graphic systems, with capillary or micropacked col- variations in the sample original conditions, 

umns, or to thin-layer chromatographic systems. Use of In other cases, a co-called "splitting" operation is 

this method and apparatus makes it possible to perform necessary, that means the elimination of a high percent-, 

controllable and reproducible sampling of very small age of the quantity fed to the injector, before its intro- 

amounts of sample, with values unattainable through 2Q duction into the column, which operation may involve 

the techniques usually employed for liquid sampling in even higher risks of discriminations, 

chromatographic systems and particularly using micro- OBJECTS OF THE INVENTION 
syringes or pipettes. 

2. Description of the Prior Art Accordingly, an object of the invention is to provide 
The microsyringes used in chromatography are gen- ^ a metnod *nd apparatus making it possible to perform 

erally of the type with calibrated body (capable of sam- sampling in chromatographic systems with very small 

pling amounts ranging from 0.2 to 10 microliters) or of amounts of liquid sample; for instance from 10 picoliters 

the type with calibrated needle, where the piston pene- to 50 nanoliters, in a reproducible way under the same 

trates into the needle. The latter microsyringes are ca- sampling conditions and sample type, 

pable of handling smaller quantities of samples, in a 30 Another object of the present invention is to provide 

reliable and reproducible way, but only within certain a method and apparatus in which the introduction of 

limits, in particular with lower limits of about 200-300 said small or very small amounts of liquid sample does 

nanoliters. Below this limit, the high surface tension of not require the parallel introduction into the chromato- 

the liquid and the relatively reduced speed of the piston graphic system of another substance, either a liquid or 

movement do not allow the drop, which has formed at 35 gaseous one to propel the sample out of the sampling 

the needle end, to fall from it, considering the reduced container. 

diameter of the outlet nozzle of the needle. Precision is Still another object of the present invention is to 

moreover negatively affected by poor sealing between provide a method and apparatus wherein the volumet- 

piston and calibrated needle. ric dosage of the substance injected into the chromato- 

Another known system is the sampling system com- 40 graphic system is performed with the maximum of reli- 

raonly used in the laboratory and named "pipette sys- ability, precision and reproducibility, during the injec- 

tem", in which a calibrated tubing is filled with a liquid tion stage itself. 

to be transferred, by sucking it into the tubing, the liquid ctth/uadvac txic ixn/o vrrrnvT 

amount placed in the tubing is controlled and the same SUMMARY OF THE INVENTION 

is retained in the tubing by closing same at the end 45 According to the invention a method is provided for 

where aspiration has been carried out. Then, an injec- injecting very small quantities of liquid sample in chro- 

tion of the liquid into a receiving container is made by matographic systems, especially in high resolution gas. 

opening said end. This sampling method or transfer chromatographic systems or thin layer chromato- 

method of determined amounts of liquid is well known graphic systems, said method comprising the following 

and has been used in gas chromatography too, but how- 50 steps: 

ever only for quantities usually measurable in a rather preparing a sample container having a volume larger 

rough way, even if the literature reports a lower limit of than the quantity to be sampled and having a pipette- or 

25-50 nanoliters (see R. Kaiser-Gas Phase Chromato- nozzle-shaped neck, acting as outlet, with a maximum 

graph y— Vol. 1 pp. 90-95 — Butterworths 1963 — Lon- size ranging between 1 and 100 pan, preferably between 

don). 55 1 and 30 jtm; 

Therefore it can be considered that, of course accord- filling said container with a sample quantity greater 

ing to the nature of the liquid substance to be sampled, than the amount to be sampled and controlling that, in 

a lower limit exists, generally between 50 and 200 nano- correspondence with said outlet, a meniscus of the sam- 

I iters, below which it is not possible to go in reliable and pie liquid be formed; 

reproducible sampling using microsyringes or micropi- 60 introducing said container, or part of same, into an 

pettes. injector or a device for sample injection into the chro- 

Furthermore, in the case of the pipettes, and also matographic system; 

often in the case of the microsyringes, when the gaseous submitting the liquid inside the container to at least 

fluid between the piston and the sample liquid is not one pressure pulse having a pressure value sufficient to 

completely eliminated, considering that a quantitative 65 overcome the surface tension of the liquid sample in 

determination is performed during feeding, it may correspondence with the outlet and a duration limited 

occur that the gas pushing the liquid out of the pipette, in time according to said pressure value and to the quan- 

enters the capillary column, which sometimes involves tity to be sampled, keeping into consideration the outlet 
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size, the pressure pulse amplitude and the sample char- DESCRIPTION OF THE PREFERRED 

acteristics; EMBODIMENTS 

abruptly reducing the pulse pressure down to a value 

lower than the one sufficient to overcome the surface The invention relates, as already said, to a method 

tension of the liquid in correspondence with the con- 5 and an apparatus for sampling, in chromatographic 

tainer outlet. systems, of liquid samples, said method and said appara- 

Therefore, according to said method, it is now possi- tus being particularly applicable to laboratory chro- 

ble to carry out sampling of extremely reduced quanti- matographic systems, especially m high resolution gas 

ties of liquid, using a container which can be of the chromatography with capillary columns and with di- 

substantially traditional type, except for the outlet neck, 10 rect on-column injection of the sample, without previ- 

to which a device can be applied which allows to create ous vaporization, or to thin-layer chromatographic 

said pressure pulse, in such a way that the sample draw- I» particular, chromatographic systems of the 

ing and eventual washing of the container can be per- . ,n J«tipn type are well known and applied, 

formed with extremely simple and traditional systems therein the liquid sample is injected directly into the 

and means, though being possible to perform said sam- 15 initial part of the column and then is moved along the 

plings with extremely reduced quantities. Iattcr b * means <? f " ca £!? er s ™P lc b ? m * s " nuI - 

Considering the performance of the system according tan «? usl y vaporized. The method and equipment ac- 

to the invention, in most cases, the sample can be in- «° he ,nvenl, °" ca P able - es ^' a " v " ^"l 

jected directly into the column, without vaporization „ KSt^ 

vaporization may become necessary only in case oi nim ^ ]n ; olume that & 

entire quantity can be ana- 

so-called dirty samples to prevent fubstances with chromatographyc sistem, without any need 

high molecular weight contained in said samp le > from * dn ^ ^onti methods and 

being directly mtroduced into the capillary column. ^ obtain ft Q Qf ^ injected 

Said method according to the invention can be sub- 2$ ^ Alth h l £ amounts can aIso be injected , 

stantially performed according to two different ways, ^ £ ethod and % aratus which will be inustrated are 

the first of which considers the application of a pneu- articularIy suitab!e for the injection in a reliable 

matic pulse obtained by operating for time periods of reproducible waVj of Iiquid sarap i e s in quantities rang- 

the order of milliseconds an electrovalve which makes . bet ween 10 picoliters and 50 nanoliters, i.e., amounts 

it possible to exert a pressure in correspondence with a 30 SQ ^ that they could not be handled with the prev i- 

gaseous element directly or indirectly placed in contact Qusly emp i oyed syst ems. 

with the sample in the container, while the second one The method ^d the apparatus of the invention are 

considers the application, to the container body and/or based Qn the use of a conta iner for the liquid sample 

to means mechanically connected with the same, of a which has a vo i ume greater than that of the sample to 

mechanical pulse, obtained with a piezoelectric system, 35 be ana ] yZ ed, sa i d container being made of any suitable 

a magnetostrictive system or other similar system, material, for instance glass, metal, fused silica or any 

which determines an extremely high and extremely other material, and having a pipette shape, a syringe 

quick pressure increase in the liquid. need i e shape or any ot her suitable shape. 

As previously said, the invention relates also to an Tne essential condition is that said container, as indi- 

apparatus which, according to said method, makes it 40 cated by jq or 12 in FIG. 1, presents a neck defining an 

possible to perform samplings in chromatographic sys- out i et having a maximum size (a diameter d in this spe- 

tems with small or very small quantities of liquid sam- cific case) ranging from 1 to 100 u.m, preferably be- 

ple, in a reliable and reproducible way under the same twecn \ 30 u.m. Said neck can be nozzle-shaped, as 

operating conditions. indicated by 14 in FIG. 1, and therefore has a preferred 

BRIEF DESCRIPTION OF THE DRAWINGS 45 n * ck diameter d from 10 to 30 >im, or^mteropipette- 

shaped, as indicated by 16 in the same FIG. 1, with a 

FIG. 1 is an enlarged view, in axial section, showing preferred diameter d from 1 to 20 pm. The container, 10 

possible shapes of the outlets of containers for samples or 12 as illustrated in FIG. 1, can be filled by the usual 

to be used according to the invention. methods, for instance by means of a syringe, by gravity, 

FIGS. 2 and 3 are examples of possible pressure 50 by capillarity or in any way whatsoever, with a quantity 

pulses used in the method and equipment according to 0 f liquid 18 which is greater than the volume that is 

the invention to perform desired sampling. required to flow from the neck 14 or 16 to be analyzed 

FIG. 4 is a diagrammatic view, with parts in section, i n the chromatographic system. Once the container 10 

of an apparatus for performing sampling by the use of 0 r 12 has been fed with the sample 18, it is necessary to 

pneumatic pulses. 55 check, especially in the case of the container 12 with a 

FIGS. 5 and 6 diagrammatical! y show embodiments pipette-like end, that the liquid goes as far as to reach 

of apparatus for sampling by means of pressure pulses the neck 14 or 16, forming a meniscus therein. Under 

obtained with a piezoelectric system and magnetoscric- these conditions, taking into account the reduced size of 

tive system, respectively. the neck, the surface tension of the liquid prevents the 

FIG. 7 is a diagrammatic view showing possible re- 60 latter from flowing put of the neck, forming drops, this 

ciprocal positions of container outlets, in one of the obviously provided that the neck 14 or 16 does not 

types of apparatus previously illustrated, and the end of touch foreign bodies, as for instance the wall of the gas 

a capillary column in applications to high resolution gas chromatographic column, which may help the liquid to 

chromatography with capillary columns. flow outside the column. Once the feeding of the con- 

FIGS. 8 and 9 are diagrammatic views of other possi- 65 tainer 10 or 12 as previously indicated has been carried 

ble positions of the sample container and of the end of out, pressure on the liquid 18 is exerted directly or 

the capillary column for the same uses as considered in indirectly as schematically shown by the arrows 20 in 

FIG. 7. FIG. 1 to eject a measured amount of liquid 18 through 
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the neck 14 or 16. Said pressure is controlled in ampli- that, no drop forms and adheres to the container 10 
tude and in time as indicated in FIGS ; '2 and 3, keeping outlet. ^ ■ ' " ■ ■"< . 

into consideration that the liquid .amount ejected de- .-> The- apparatus of FIG. 4 can be fed through the open- 
pends both on the amplitude, namely the value of the -ing 32 for instance by means of a conventional, syringe, 

pulse pressure, on the duration of the pulse itself and on 5 with sample . quantity much greater than the one 

the number of pulses. which must be used, for injection into the gas chromato- 
As it can be seen from FIGS. 2 and 3, the pulse has a graphic system. - Once the feeding, is. performed, the 
step configuration and it is very important that the opening 32 is closed, the container is introduced into the 

downwards section of same, namely pressure return to chromatographic system and the valve 38 is opened for 

zero, be placed vertically as much as possible in order to 10 a time period controlled by the device 40, in such a way 

avoid during this stage, in correspondence to the neck as to create a pressure pulse having a value regulated by 

14 or 16, the formation of a drop which will remain in the. element 36. In this way, a small jet of liquid forms 

position, thus completely altering any measuring of the breaks out in small drops at a point which is farther 

injected sample. In the case of FIG. 2, the pressure from the outlet neck M tne higher is the pressure value 

pulse is a pneumatic pulse and reaches a value pi which 15 set in regulator 36, of course with the same type of 

must be in any case higher than that necessary to over- lkmid sarae size 9 r n ^ k - 

come the surface tension of the liquid in correspon- ^ sampling device illustrated in FIG, 5 operates 

dence with the neck 14 or 16. In relation to the pressure * lth , a Piezoelectric system which, in its that part in- 

value pi , the duration At of the pulse is chosen, variable ? ludm S ™ element for formation and emission of the 

from about a millisecond to about a second, in order to 20 J* of drops, is substantia^ configured like an ink-drops 

obtain the desired quantities of ejected liquid. P™* 1 * devic ?' , of the J?f on demand" type, known in 

The pressure values can range from 1 to 10 atmo- h comprises a container 44, for exam- 

spheres. Alternatively, it can obsiously be possible to P e but «o t necessarily with a cylmdnc shape, made of 

emit several pulses having lower duration. However, „ * lass °* .^^.1068^111 its low 

for an exact reproducibility of sampling, it is very im- 25 f 1 ™ mth . W * Cted mt0 COl ™ n f °/ 

portant to reduce to the minimum the dead space; that «^^t«"«*..the upper section thereof. 

STthe gas volume on which each pressure puke acts. ^ ontaine * i?™*?™™* a 

The^ituation illustrated in FIG. 3 is the one that " V™™** -ndica ed through 

r a . . , which the liquid jet of sample is emitted. Under atmo- 

occurs u. case of a pressure pulse exerted by means of 30 herfc q ure c J ondUion8f P me , iquid does not flow out 

magnetostriction, or pi«c*lectncity. In this case, the ^ ^ u Qf fa tension 

time At is extremely reduced and corresponds to the The container 44 is connected to a transducer 50 of a 

resonance frequency of the laminations forming the piezoelectric type, capable of provoking, when excited, 

magnetostriction device or to the frequency ■ tf the pi- a sudden volume variition inside the u ^ 

ezoelectnc material ranging from 10 to 100 KHZ, 35 therefore a sudden pressure variation in the liquid pres- 

while a certain regulation of the quantity emitted at ent in itf sucn as to det ermine the flowing out of a cali- 

each pulse can be performed by varying the amplitude brated jetof one or more d through ^ n02 zle 14. 

of the electric pulse given to the device and eonse- Th e transducer 50, which is placed very near to the 

quently the pulse pressure value given to the liquid, said n02zle 14 md housed for example in a small block 52 

pressure value being in any case of one or several orders 40 made c f plastic material, is excited by means of a source 

higher than that necessary in the pneumatic case. of electrical pulses 54, which have the characteristics 

An apparatus for carrying out the method according previously described, feeding of the transducer 50 on its 
to the invention with pneumatic pulse is diagrammati- electrodes 51, through a circuit 53 having a switch 55 
cally illustrated in FIG. 4, wherein a receiver 10 of the by means of which the operator can close the circuit 
type dlustrated in the left side of FIG. 1 is provided, 45 ^ then control the emission of the jet of drops. To the 
which has preferably a very small inner diameter and S01ircc 54 a known means 56 is connected to vary the 
which can be removably fixed, for example by means of amplitude of pulse or pulses communicated to the trans- 
a locking nut 22 and a gasket 24 compressed by said nut, duC er 50; another component 57 is also connected, ea- 
rn a supporting block 26 which presents a groove 28 for pa ble of controlling the duration of the pulse or series of 
feeding gas under pressure, for instance air. The block 50 pulses. 

26 can present another groove 30 which can be closed For operation, the container 44 must be filled with 

by a locking element 32 to feed the container 10 with the liquid sample, possibly by means of a microsyringe, 

the sample 18. The locking element comprises a protru- at least in its section close to the nozzle 14, and the 

sion 33, for example in metal, to reduce to the minimum transducer 50 is submitted to a pulse or series of pulses 

the dead space. 55 having a predetermined amplitude, during which, in 

The duct 28 is connected, in any known way, to a correspondence with the nozzle 14, a jet of one or more 

circuit for supply of air under pressure coming from a drops of sample liquid is emitted, in a small pre-settable 

source 34,. said circuit comprising a pressure regulator quantity. Said jet presents high directionality and an 

36 and an electrovalve 38, the opening time of which extremely limited increase in diameter, so that it can be 

can be regulated by means of a device 40, known in 60 , directed into a column with one of the systems which 

itself. A duct 42 is positioned between the electrovalve will be considered, for example through the injection 

38 and block . 26 and advantageously presents a very port of a direct injector, equipped with a "slice" type or 

small inner size, in such a way to reduce to the minimum rotative valve. 

the so-called dead volume, that is the volume of air The amplitude of pulses may be regulated by the 

comprised between the valve 38 and the upper meniscus 65 . element 56, in order to obtain a corresponding regula- 

of liquid .18* within the container 10. Said reduction of tibn of the pressure increase provoked by said pulses 

the dead volume is very important to obtain a quick fall and consequently of a first parameter affecting the oper- 

of pressure at the end of the pulse and v then to be sure ative conditions, in particular of the correct formation 
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of the jet of drops, considering the nozzle diameter and The system according to the invention, herein de- 
the nature of the treated liquid. When the other condi- scribed as an example, has proved to be very useful in 
tions are kept unchanged, the ejected quantity of a particular for capillary columns with very small diame- 
given sample, thanks to the formation of a pulse having ters, according to the present trend in this field, 
a preset amplitude, is exactly definite and equal to a 5 Finally, it should also be noticed that the embodi- 
drop, and therefore the ejected quantity obtained by a ments of the present invention as above illustrated and 
series of pulses will depend only on the duration of the described can be submitted to several changes and van- 
latter and therefore on the number of pulses forming ations without departing from the spirit and scope of the 
such series, because the time period of each pulse is invention itself, these variations comprising the use of 
determined by the transducer characteristics. 10 an automatic sampler, wherein the container is automat- 
The apparatus illustrated in FIG. 6 consists of a con- *cally filled and wherein sample emission occurs 
tainer 44 having a needle-syringe shape 46 with piston through several jets of sample. 
48. The needle 44 is introduced into a duct 58 inside the What is claimed is: 

body of an injector 60, of a type known in itself and J- A ***** for reproducibly injecting a very small, 

provided with a valve 62, said injector body being pro- 15 volumetncaHy controlled liquid sample for chromato- 

vided with a magnetostriction apparatus 64, acting on 8™Ph« analysis, said method comprising the steps of: 

the needle 44, which is made of nickel. The exerted ^ Preparmg a sample container havmg a larger vol- 

pressure is sufficient for determining a sample ejection, ume , han the de f ,re fc d sam P le Y J"?? 

in the desired quantity, independently from the position ^ P»P ette : or nozzle-shaped neck at its «lHl«. 

r . • * ^.o v • , !i «. + Ua 20 nating in an opening with a diameter of 1-100 iim; 

of the syringe piston 48, obviously provided that the intr ^ ducing Q Q £ d contamcr a vo , ume c f liquid 
liquid 18 fills the ocmtainer 44 at least partly and as for > * ^ in 
as the outlet neck 14. Both in the case of a pneuma ic ^ ncr ^ a meniscus of th< f lc K id 
type pulse and m the case of a mechanical-type pulse, ^ ^ ^ ^ ^ ^ itioni the 
such as a piezoelectric or magnetostnctive one, when 2J filled samp le container for sample injection into the 
the method and the apparatus according to the inven- chromatographic system; and 
tion are applied to a high-resolution gas chromato- (c) { . tQ ^ H ^ inside the container 
graphic system with capillary column, it is possible to at |cast Qne fe pulse of controlled durat ion 
have two cases of a reciprocal disposition of container an(J ^ litudCt the maximum amplitude of each 
10 or 12 and capillary column 66, the first one of these 3Q said prcssure puIse bemg higher than the pressure 
cases being indicated in FIG. 7. According to said fig- necessary to overcome the surface tension of the 
ure, the container 10 or 12 shows an outer diameter sample liquid at said meniscuS( th e duration being 
which is smaller than the inner diameter of the capillary sufficient to eject a desired volume of sample liq- 
column 66 or of an enlarged end 67 of same, and is uid( and tne pre ssure drop at the end of each pulse 
therefore inserted into the injector as far as to penetrate 35 ^big sufficiently abrupt as to avoid formation of a 
with its end section into the inlet opening of the capil- droplet of sample which is not ejected but instead 
lary column 66. In this case, the emission of liquid sam- adheres to said outlet opening, 
pie under the stated conditions is only conditioned by 2 . A method according to claim 1, wherein said sam- 
the fact that the neck 14 does not touch any component p j e container further comprises a zone of small volume, 
and in particular the column 66 wall. Both during sam- 40 opposite to the outlet opening and usually not filled 
pie injection and after this operation, a current of car- liquid, said zone communicating with a source of 
rier gas is present, which penetrates into the column gas und er regulatable pressure, through a valve whose 
through the hollow space existing between the column opening time is controllable, and a duct, said duct hay- 
wall and container 10, as indicated by arrows 68. j ng a sma u volume between the valve and the container; 

On the contrary, the case in which the capillary col- 45 and wherein said pressure pulse is controlled by regulat- 

umn has an inner diameter smaller or equal to the outer j n g $ai d gas pressure and controlling the opening time of 

diameter of container 10 or 12 is illustrated, for the two sa id valve. 

types of container, in FIGS. 8 and 9. In this case, the 3. a method according to claim 2, wherein said gas 

injector body 70 shows a neck 72, which advanta- pressure is from 1 to 10 atmospheres, and said valve 

geously has an axial length as small as possible and on 50 opening time is from 1 millisecond to 1 second, 

the two sides of which there are positioned the column 4. a method according to claim 1, wherein each 

66 and the container 10 or 12, the latter being preferably pressure pulse is produced by magnetostriction or by 

housed in a protecting collar 74, which provides for piezoelectric means. 

seating of said container 10 or 12 on the inner wall of 5. A method according to claim 4, wherein at least 

the injector. In this case, it is advisable, as already said, 55 part of said sample container, in the portion thereof 

(i) that the distance between the outlet neck 14 or 16 of containing the liquid sample, cooperates with a piezo- 

container 10 or 12 and the column 66, as measured in an electric transducer to and wherein said transducer is 

axial direction, be as small as possible, for instance 10 submitted to at least one electric pulse to give rise to a 

mm maximum, (ii) that the injection pressure of the jet corresponding pressure pulse in the liquid inside the 

into the neck 14 or 16 be sufficient for maintaining the 60 container. 

latter in such a condition as to give rise to a very small 6. A method according to claim 4, wherein at least 

opening angle of the jet, and (iii) that the axial alignment part of said container, in the portion thereof containing 

of the neck 14 and column 66 be perfect. the liquid sample, is made of nickel; wherein a control 

It is particularly important in this case that, during device with magnetostrictive actuation cooperates with 

injection, the carrier feeding, always according to ar- 65 the nickel part of said container, when the latter is in 

rows 68, be discontinued to avoid having the carrier gas operative position; and wherein at least one current 

drag the outside part of the injected sample, especially pulse having an adjustable amplitude is applied using 

if the latter contains easily vaporizable substances. said control device to give rise to a corresponding pres- 
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sure pulse in the liquid contained in the nickel part of 
the container. 

7. A method according to claim 1, wherein the diame- 
ter of the sample container outlet opening is 1-30 jon. 

8. A method according to claim 1, wherein the 5 
amount of sample injected is 10 picoliters-50 nanoliters. 

9. A method according to claim 8, wherein the entire 
sample is injected directly into a capillary column in a 
high-resolution gas chromatographic system, without 
any sample splitting, 10 

10. An apparatus for volumetrically controlled and 
reproducible injection of small quantities of liquid sam- 
ple directly into a capillary column of a high-resolution 
gas chromatographic system without use of a sample 
splitter, comprising, in combination with an on-column 15 
sample injection device for a high-resolution gas chro- 
matographic system; 

a sample container having a volume greater than a 
desired liquid sample volume and having a pipette- 
or nozzle-shaped neck at its outlet, terminating in 20 
an opening with a diameter of 1-100 fim; 

positioning means for operatively positioning said 
sample container in said on-column sample injec- 
tion device, for injection of a sample through said 
outlet opening and directly into a capillary column; 25 
and 

pulse means communicating with said container for 
applying to a liquid inside the container at least one 
pressure pulse of controlled amplitude and dura- 
tion, and ending in an abrupt pressure drop. 30 

11. An apparatus according to claim 10, further com- 
prising a source of gas under pressure and means for 
regulating its pressure; connecting means for pneumati- 
cally connecting said gas source to the sample container 
on the side thereof opposite to the outlet opening, said 35 
connecting means comprising a valve, means to control 

its opening time, and at least one duct connecting said 
valve to the sample container, said duct being sized in 
such a way as to minimize the gaseous volume between 
liquid in the sample container and the control valve. 40 

12. An apparatus according to claim 11, wherein said 
pressure regulating means is capable of adjusting the gas 
pressure to a value between 1 and 10 atmospheres and 
said valve control means is capable of controlling the 
opening time of the valve to a time interval between 1 45 
millisecond and 1 second. 

13. An apparatus according to claim 10, wherein said 
pulse means comprises at least one transducer capable 
of producing at least one pressure pulse of high ampli- 
tude and short duration in the sample container, a pulse 50 
source for exciting said transducers; and means for ad- 
justing at least one of the amplitude or the number of 
the pulses. 



14. An apparatus according to claim 13, wherein said 
transducer is a piezoelectric tranducer, and said pulse 
source is a source of electric pulses of high amplitude 
and steep drop-off. 

15. An apparatus according to claim 14, wherein said 
sample container is made of glass or fused silica and is 
surrounded, near to the outlet opening thereof, by a 
piezoelectric transducer embedded in a small block of a 
plastic material. 

16. An apparatus according to claim 13, wherein the 
sample container has at least a part thereof made of 
nickel in the portion containing the liquid sample; 
wherein the transducer comprises a magnetostrictive 
device capable of acting on said container part when in 
its operative position within a seat provided in said 
magnetostrictive device, and actuating means for apply- 
ing to said magnetostrictive device at least one current 
pulse having an adjustable amplitude, thereby produc- 
ing a corresponding pressure pulse acting on the liquid 
contained in the nickel part of said container. 

17. An apparatus according to claim 16, wherein said 
pulse has a duration which depends on the frequency of 
mechanical resonance of the magnetostrictive device 
and is adjustable in amplitude. 

18. An apparatus according to claim 10, further in 
combination with a capillary column; wherein said sam- 
ple container has at least an end section having a maxi- 
mum size smaller than the inner diameter of said capil- 
lary column where chromatographic separation occurs; 
and wherein said positioning means cooperates with 
said on-column injection device for axially controlling 
the sample container position so that its end section 
penetrates into the column inlet opening without touch- 
ing the walls thereof. 

19. An apparatus according to claim 10, further in 
combination with a capillary column; wherein said cap- 
illary column has an inner diameter smaller than the 
neck of said sample container; and wherein said posi- 
tioning means cooperates with said injection device for 
reciprocally aligning and axially centering the chro- 
matographic column inlet end and the sample container 
outlet end in an axially spaced position at a distance not 
exceeding 10 mm. 

20. An apparatus according to claim 19, wherein said 
chromatographic system further comprises means to 
discontinue carrier gas feeding during injection. 

21. An apparatus according to claim 19 which further 
comprises a protecting collar for seating the sample 
container outlet end on the inner wall of the injector. 

22. An apparatus according to claim 10, wherein the 
diameter of the sample container outlet opening is 1-30 
urn. 

* * * * * 
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[57] ABSTRACT 

The invention relates to a chromatographic column for 
separating antigen-antibody complexes from the free 
antigens not bonded to the antibodies and/or for com- 
plete bonding of all marked substances in the immuno- 
logical determination of antigens or haptens by radio- 
immunological, luminescence-immunological, fluores- 
cence-immunological or enzyme-immunological deter- 
mination methods in which a crepe-like tightly rolled 
filter paper of high degree of purity, in particular of 
regenerate cellulose, is pressed into a water-proof and 
water-tight envelope as nonpolar column material. Ac- 
cording to the invention the chromatographic upright 
column comprises an upper reaction portion chargeable 
from above and a lower separation and measuring por- 
tion which are separated from each other by a perfora- 
ble bottom, the column being fastened from below on 
the perforable bottom of the column. 

10 Claims, 2 Drawing Sheets 
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Preferably the filter paper column is attached from 
CHROMATOGRAPHIC COLUMN FOR below tightly to the perforable bottom of the reaction 

IMMUNOLOGICAL DETERMINING METHODS portion chargeable from above. In the perforation a 

« . ™„ particularly effective penetration and likewise adsorp- 

BACKGROUND OF THE INVENTION 5 tion is achieved on perforation up to the depth of the 

1. Field of the Invention filter paper. Preferably, the filter paper column can 

The invention relates to a chromatographic column |* ave at the to P a funnel-shaped widening with which it 
for immunological investigation methods. & attached in clamping fit beneath the similarly shaped 

Such a chromatographic column is intended for sepa- bottom of the column, 
ration methods for immunological determinations, in 10 The ^ ter paper may be pressed into a plastic sheath 
particular fluorescence-immunological, enzyme- which may possibly be surrounded by a metallic sheath, 
immunological or luminescence-immunological investi- m particular of galvanized copper. The latter is suitable 
gations, in which the antigen-antibody complex form is M screening material in the case of extinction-photomet- 
separated from the free antigens not bonded to the anti- _ ric or radio-immunological measurements, 
body with the aid of the dry chromatographic column The perforation may also be made from the outside. It 
to which the liquid reaction mixture of the immunologic k however also possible to equip parts in contact with 
cal determination is introduced, the antigen-antibody tne bottom with tines, prongs or the like which for 
complex solution being measured extinction-photomet- instance under pressure on the two ends of the column 
rically. ^ perforate the bottom (closed system). A particular use 

n TT ww APV ni7 ~™ T vnm hmmT of column and filter in automatic devices is also possible 

SUMMARY OF THE INVENTION with th e invention. In this case two tubular mi- 

The invention has as its object the provision of a crocuvettes closed at the bottom are disposed adjacent 
particularly economical chromatographic column, easy each other, the first serving as reaction vessel with 
to handle, for such investigation methods which permits 25 perforated cover. The second serves as separating and 
in particularly simple and reliable manner separation measuring vessel and contains in the upper portion the 
and measurement of the substances to be investigated. column-like filter paper tightly fitted into a plastic 

This objective is achieved according to the invention sheath and in the lower portion the extinction- 
in a dry chromatographic column for separating anti- photometrical measurement is carried out Instead of 
gen-antibody complexes from the free antigens to 30 using two microcuvettes a single device is also possible, 
bonded to the antibodies and/or for complete bonding the reaction portion described with perforable bottom 
of all marked substances in the immunological determi- being disposed at the top and the separating and measur- 
nation of antigens or haptens by radioimmunological, ing portion at the bottom. The separating portion con- 
lummescence-immunological, fluorescence-immuno- sists of the filter paper column described above which is 
logical or enzyme-immunological determination meth- 35 widened in funnel-shaped manner at the top and at- 
ods in which a crepe-like tightly rolled filter paper of tached in clamping fit beneath the bottom of the reac- 
high degree of purity, in particular of regenerate cellu- tion portion. The measuring portion is a microcuvette 
lose, is pressed into a water-proof and water-tight enve- which is also pushed from below over the plastic sheath 
lope as nonpolar column material by the improvement or sleeve of the reaction portion, 
that the chromatographic upright column of filter paper 40 In this embodiment it is possible to lyophilize the 
comprises an upper reaction portion chargeable from reagents, except for the substance to be determined, at 
above and a lower separation and measuring portion low temperatures, in particular beneath —20* C. 
which are separated from each other by a perforable Finally, it is possible when using the step according to 
bottom, the column being fastened from below on the the invention in automated devices to make all the col- 
perforable bottom of the column. 45 umns perforable employing a single charging operation, 

It is achieved with the invention that reaction on the manually or automatically. The charging of the column 
one hand and separation and measurement on the other is from above as in all further developments of the in- 
can be carried out in a single column, possibly without vention. 

outer contact, and the material to be investigated, in A particularly expedient important further develop- 
particular the radioactive material, remains completely 50 ment of the invention resides in that the crepe-like filter 
in the filter and can be measured in extremely simple material to increase its bonding affinity is impregnated 
manner by means of a gamma counter in the case of with an organic acid, in particular maleic or oxalic acid 
radio-immunological investigations or photometrically or possibly a base, and the impregnating agent washed 
in the case of luminescence-immunological investiga- out again. This imparts to the paper when dried again an 
Uo ™- , 55 improved absorbability and differentiation of the ab- 

An important desired secondary effect in the radio- sorption due to a certain swivelling of the fibres, 
immunological determinations with the column accord- 
ing to the invention is that in radio-immunological de- BRIEF DESCRIPTION OF THE DRAWINGS 
terminations the entire radioactive reaction mixture Examples of embodiment of the invention will be 
remains absorbed in the column. After the counting of 60 described in more detail hereinafter with the aid of the 
the sample the radioactivity is thus in a form which is accompanying drawings, wherein: 
easy to handle; the danger of contamination with resi- FIG. 1 shows a chromatograhic column for the radio- 
dues of the liquid reaction mixture is greatly reduced immunological investigation method (radio-immuno- 
compared with known methods. Even when the anti- assay:RIA); 

body is stationary bonded to a substrate substance 65 FIG. 2 shows a chromatographic column for example 
witnin the test tube the entire liquid radioactivity is for fluorescence-immunological or luminescence- 
absorbed m the column; at the same time the free anti- immunological investigation methods- 
gens are bonded in the upper column portion. FIG. 3 shows an embodiment with microcuvette- 
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FIGS. 4/5 shows reaction vessel and measuring ves- FIG. 2 shows an example of embodiment, particular 
sel for automated devices and for lummescence-immunological, fluorescence- 

FIG. 6 shows a further embodiment. immunological and enzyme-immunological investiga- 

tion methods. In a sheath tube 50 a similar construction 
DESCRIPTION OF THE PREFERRED 5 ^ m FIG. 1 in the form of a column with column head 

EMBODIMENTS 54 fitting closely against the sheath tube inner side is 

FIG. 1 shows for radio-immunological determina- inserted, 
tions a test tube 10 into which an upright chromato- Whereas in the design of FIG. 1 the sleeve widening 
graphic column 12 is inserted in tight or sealing manner of the long filter is substantially in metal over a rela- 
and comprises substantially in the centre a bottom 14. 10 tively short section, for the luminescence method only a 
The column with the exception of the filter paper and short piece of filter 56, possibly with plastic outer 
the test tube consists of a transparent plastic, preferably sheath, is held in for example a long metallic sheath tube 
polyethylene. The bottom 14 of the reaction vessel is 57 - A widened sleeve 59 consisting for example of plas- 
attached firmly and sealed with respect to the column/ tic is attached in a similar manner to FIG. 1 over the 
The bottom 14 is made conical or funnel-shaped 15 complementary ' funnel-shaped bottom 58 of Ae co uirm. 
towards the bottom at 16 and comprises a thin perform However, m this case the widened sheath/shield 59 
ble base 18 extends right to the top at the intermediate or annular 

The conicity of the funnel bottom results in a corre- s P ace fonned b ^ tw l f en ™ ei s } d f °{ ^ straight 
spending annular space 20 which is fonned from the ^ column tube and the outer side of *e ^l-shaped 
inner wall of the skaignt column tube and the outer 20 bottom » and is contained snuggly fitted m the latter 
wall of the funnel-like bottom and tapers to a point at <» application pressure The possibly metaUic 
Ae top. This simple construction is utilized to permit a sheath «*• 57 conMStul S MTE* n° P f ^ 

^« to *is funnel bottom the filter and * 
measuring portion of the separating vessel comprises a 59 ^ ^ ^ The fflter can ^ te presse d 
sleeve or sheath which merges into a complementary ^ ^ capQlary sheath. For fluorescence-immunologi- 
funnel-shaped widened portion 22 The sheath may cal ^est&XioTi the reagents are pipette into the reac- 
consist of metal but also of plastic. Tightly pressed into 3Q tion 60 0 f the chromatograpmc c^luimi, mclud- 
the sheath is a filter 30 of prepared crepe paper which . ^ substail ce. After setting the reaction 
forms the actual column material. It comprises an enve- equilibrium the funnel-shaped bottom of the reaction 
lope 32 of an outer stiff plastic. The column material ^ Qn ^ perforated up to the filter paper lying closely 
may consist of cellulose pretreated with chemical im- therebelow and the liquid reaction mixture flows from 
pregnating agents, for example with organic acids, pref- 35 above mto ^ fi] ter column, when this is done the 
erablymaleic or oxalic acid or possibly with a base. The components are separated in that the free phase is 
reaction vessel provided with sheath is inserted into the bonded i the upper column portion and the bonded 
funnel extension of the column in such a manner that the pnase> ^ fa antigen/antibody/complex to be mea- 
filter 30 contains the perforable bottom. sured, passes through the separating column and drips 
In the execution of the sample determination accord- 40 down onto the bottom of the test tube where it can thus 
ing to the invention the reagents are pipetted into the t,e measured by extinction photometry. The shield 59 
reaction vessel 13. After setting the reaction equilibrium ^ b e coloured. FIG. 3 shows an embodiment compris- 
at the end of the incubation time, with a pointed object m g a measuring cuvette 66 which is fonned as mi- 
the funnel-shaped bottom of the reaction portion is crocuvette and in order to be usable for very small 
perforated from below or preferably from above, this 45 amounts of filtered liquid has a constriction in the lower 
being done a considerable distance into the crepe filter. region 68. Of interest is that the same column 70 with 
The liquid reaction mixture runs through the perforated practically the same funnel-shaped bottom 72 as de- 
bottom into the column-shaped filter. When this is done scribed with regard to FIGS. 1 and 2 fits into said mea- 
separation takes place in that the unbonded phase, i.e. suring cuvette and is simply inserted with its lower open 
the free antigens not bonded to antibodies, is absorbed 50 end 74. In this case the filter material 76 is pressed into 
in the upper column portion whilst the bonded phase, a plastic sheath 78 which bears closely on the perforable 
ie. the antigen/antibody complex, migrates into the bottom 80 of the funnel-shaped reaction vessel. The 
lower column portion. AH the radioactive liquid is ab- reaction vessel can once again be sealed by a cover 40. 
sorbed by the filter paper enclosed in water-tight man- As in FIG. 1 the lower end of the sheath tube, in this 
ner and can thus be easily dispensed without any danger 55 case the microcuvette forms the measuring vessel and 
of contamination. Of course, in the test execution the the column 70 the reaction and separating vessel. The 
tube may be closed with a cover 40. Due to the close antigen/antibody/complex can again be measured pho- 
bearing of the filter material on the bottom of the reac- tometrically. In this case no separate shield is provided 
tion vessel and the continuous perforation excellent but this can be done. The microcuvette is a design with 
wetting of the entire column material 30 is ensured. 60 particularly small bottom 82 for measuring technical 
Other possibilities of the vertical fixing of the filter reasons. 

paper with sheath within the entire column are of The microcuvettes 86 and 88 of FIGS. 4 and 5 are 
course possible, such as small ribs on the one part, reces- particularly suitable for automated apparatuses. The 
ses on the other part, an annular bead on the funnel- microcuvette 86 forms the reaction vessel and the mi- 
shaped bottom and an annular groove on the widened 65 crocuvette 88 of FIG. 5 the measuring vessel, 
sheath, etc. It should be added that the upper column The microcuvettes may for example be arranged 
portion, the reaction vessel 13, is fitted via a widened grouped in racks. In the measurement the reaction ves- 
portion 36 (fitting collar) into the sheath tube 10. sel is then omitted and the measurement carried out in 
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the measuring vessel only. The two vessels are closed in the vessel 100 an addition of the marking substances 
by tightly selling attachable covers 88. The mi- the filter and separating portion 106 is attached tightly 
crocuvettes are again constricted at the bottom, firstiy to the neck 102 of the reaction vessel. Seals 104 are 
to fit properly into the holder of the automatic device indicated for this purpose. However, any other form- 
and secondly to enable even very small defined volumes 5 locking connection providing good sealing may be em- 
tobe measiu-ed,ascanbeseenat90.Inspecimeninves- ployed. A filter 110 of the type described above is 
ligation by immunological methods, in particular in tightly pressed into the separating and measuring por- 
fluorescence-unmunological determinations, pipetting tion 106. The pressing action may be increase by ribs 
of the reagents into the microcuvette 86 as reaction 112 which are only indicated and which can be pro- 
vessel is carried out in a specific sequence. At the end of 10 vided at the top and bottom. The measuring and sepa- 
the incubation time the reaction mixture is aspirated and rating portion is continuous, i.e. the previously men- 
tomsferred to the filter in the measuring cuvette 88. tioned perforable bottom is omitted. After fitting on the 
When the liquid passes through the column-like filter entire unit is turned through 180° (turned upside down) 
the components are separated as described with refer- The solution runs through the filter prepared in the 
ence to FIGS. 2 or 3. The liquid on the bottom of the 15 aforementioned manner. The measurement is as de- 
measuring cuvette contains the antigen/antibody/com- scribed above. The separation of head and bottom por- 
plex and can be photometrically measured. The mi- tion can of course be at another point, for example near 
crocuvette 88 can have the same for as the microcuvette the lower section of the reaction vessel 108 or at any 
86 of FIG. 4. The filter may be of the same material as other convenient point 

already described and explained in further detail below. 20 The apparatus is preferably made available as kit, 

The filter material here is placed in a sheath 94 consist- containing the chromatographic column and the usual 

ing for example of plastic and completely filling the known reagents for a specific test method, possibly in 

internal periphery of the microcuvette 88. measured unit amounts. 

Thus, according to the invention the reagent is intro- The measuring apparatus can be formed again like the 
duced from above into the chromatographic column 25 microcuvette of FIG. 5 (without bottom to be perfo- 
descnbed, filtered and separated in the centre portion rated) and made so that it can be connected in plug-type 
and the measurement is carried out at the bottom. The manner to the reaction vessel, 
column material is a dry adsorption agent of nonpolar Finally, it is also possible, for example for automated 
material in the form of a homogeneous felted crepe-like apparatuses, to perforate a whole series of columns by 
filter paper of high degree of purity rolled to form a 30 pressing them on for example simulaneously. This may 
tight column. The filter paper consists of pure linters for instance be done by hand or via a plate. For this 
having a polymerisation degree of 2000-3000 or of re- purpose for example the cover can be provided with 
fS^ivi 1 ^ f <teg» e of long pointed prongs. The perforation is done by apply- 
800-3000 and is free of soluble substances. The filter ing pressure to the cover. It would however be neces- 
paper has a uniform texture with bores of the order of 35 sary in this case to make the "column" adequately stiff, 
magnitude of 1-14 ^m and has a uniform absorbability The funnel-shaped bottom of the column is made sub- 
over the height of the column. To increase the bonding stantially pre-weakened. 
affinity the filter paper is treated with acids, preferably I claim: 

maleic or oxalic acid, and possibly also with bases. The 1. Chromatographic column comprising means for 
separation is earned out rapidly and extremely precisely 40 separating antigen-antibody complexes from the free 
by the cooperation of gravity and capillary forces. The antigens not bonded to the antibodies and/or for corn- 
separation takes place surprisingly in such a manner that plete bonding of all marked substance in the immuno- 
the low-molecular components (free antigens and anti- logical detennination of antigens or haptens by radio- 
bodies) arc bonded i the upper column portion, Le. after immunological, luminescence-immunological, fluo- 
a short running time, whilst the high molecular antigen- 45 resce-immunological. or enzyme-immunological deter- 
/antibody/complexes migrate through the column un- mination methods, said chromatographic column being 
bonded. In FIG. 1, with a column sealed at the bottom, inserted in a sealing manner in a test tube and compris- 
me complexes remain in the lower column portion. In ing an upper potion defining a reaction vessel for re- 
FIG. 2 with the column open at the bottom the complex ceiving reagents, a tightly roller filter material of high 
* contained m the liquid dripping down at the bottom. 50 degree purity, an envelope made from water-proof and 
msumabiy, with the nonpolar adsorption agent van water-tight material tightly encompassing said filter 
der Waals and hydrophobic mteractions predominate material, said envelope encompassed filter material 
by which the migration behaviour can be explained. being secured in the lower portion of said column, said 

In all the embodiments all reagents can be lyophihzed lower portion of said column defining a separation and 

in the column except for the substance to be deter- 55 measuring portion, and a perforable bottom member 

m1 ^* ... , rT=>T ^ , r . , separating said reaction vessel from said encompassed 

The embodiments of FIG. 1 for radio-unmunological filter material, whereby upon perforation of the bottom 

determination inc udes a metal shield in the upper filter member, the reagents in the reaction vessel will flow 

portion so that only the radioactivity of the antigen/an- through the filter material. 

tibody/complex disposed at the bottom is measured. 60 2. Chromatographic column according to claim 1, 

Similarly, the embodiments for fluorescence-immuno- wherein the filter material is pressed into a plastic 

mfri V ^^^^^Sical investigations sheath which is surrounded by a metallic sheath, in 

(rios. 2, 3 and 5) include a shield of plastic round the particular of galvanized copper 

colurnn-like filter paper ^to avoid any light reflection. . 3. Chromatographic column' according to claim 1, 

Another possibihtyof carrying out a method accord- 65 including a fitting collar at the upper end of the reaction 

ing to the invention (FIG. 6) is to use a reaction vessel vessel for inserting said column into a plastic test tube. 

100 of a material as mentioned above possibly after 4. Chromatographic column according to claim 1, 

fitting a cap which is not illustrated. After the reaction wherein the filter material portion of the column to 
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increase its bonding affinity is prepared by chemical 7« Chromatographic column according to claim 1, 

impregnating agents such as organic acids t in particular wherein the filter material comprises a regenerated 

maleic acid or oxalic acid or possibly a base. cellulose, 

5. Chromatographic column according to claim 1, *■ Chromatographic column according to claim 1, 
comprising a lower reaction vessel with attachable filter * wherein the upper portion of the envelope carries at the 
and measuring portion in which, tightly pressed crepe fP and outside a funnel-hke widening with which itis 
filter material is disposed which tightly closes the wall fast f ene * * a cla *f*f fit ^e bottom member 
and is disposed in a sheath to increase the bonding affin- * ****** t mt ? a P^ tic **** w , hl< * * ™" 
ity of S filter material, the column being Liable {Q ""J* ** a metaUlc sheath ' m particular of gal vamzed 

through 180° and placed upside down for the separating ^OiroiMtogr^ column according to claim 8, 

and measuring operation. . wherein the filter material portion of the column is 

6. Chromatographic column according to claim 1, surrounded by plastic, as an adapting member to a col- 
wherein two tube-like microcuvettes closed at the bot- ^ wall ^th which it is clamped against a coni- 
tom are disposed adjacent each other, and as reaction !5 cal-shaped bottom of the reaction vessel. 

vessel a column top is used or formation of the mi- jo. Chromatographic column according to claim 9, 

crocuvette itself as reaction vessel with performable wherein the filter portion of the column is shielded from 

cover, and on the second microcuvette a separating or the bottom of the reaction portion in particular for 

measuring column top is disposed with a column of photometric measurements, a conical-like widened 

filter paper or insertion of the filter only into the second 20 shield consisting of a perforable bottom conical-shaped 

microcuvette, luminescence measurements taking place towards the bottom, 

in each case solely at the second microcuvette. * * * * * 
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ABSTRACT 



A method for removing an organic solute from a solution, 
comprising contacting the solution with a polymer formed 
by copolymerizing one or more hydrophobic monomers and 
one or more hydrophilic monomers, whereby the solute is 
adsorbed onto the polymer. The solution can comprise a 
polar solvent such as a polar organic solvent or water or an 
aqueous buffer. The hydrophobic monomer can be, for 
example, divinylbenzene. The hydrophilic monomer can be, 
for example, a heterocyclic monomer, such as a vinylpyri- 
dine or N-vinylpyrrolidone. 

31 Claims, 1 Drawing Sheet 
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WATER- WETTABLE CHROMATOGRAPHIC 
MEDIA FOR SOLID PHASE EXTRACTION 

BACKGROUND OF THE INVENTION 

Solid phase extraction is a chromatographic technique of 
frequent use in the preparation of samples for quantitative 
analysis, for example, via high performance liquid chroma- 
tography (HPLC) or gas chromatography (GC) (McDonald 
and Bouvier, eds. Solid Phase Extraction Applications 
Guide and Bibliography, sixth edition, Milford, Mass.: 
Waters (1995)). Solid phase extraction can be used to 
separate a component of interest in a complex solution from 
potentially interfering matrix elements and to concentrate 
the analyte to levels amenable to detection and measure- 
ment. Thus, solid phase extraction is of use in the analysis 
of environmental samples, where, for example, various 
soluble components of soils may interfere with the analysis 
of trace organic materials. Solid phase extraction is also of 
importance in the analysis of pharmaceutical agents or 
metabolites in blood plasma, which requires the prior 
removal of plasma proteins and other matrix constituents 
which may interfere with the analysis. 

Solid phase extraction of an aqueous solution is typically 
performed by passing the solution through a single-use 
cartridge containing a chromatographic sorbent. The most 
commonly used sorbents consist of porous silica particles 
that have been function a lized on their surface with hydro- 
phobic octyl (Cg) and octadecyl (C 18 ) functional groups. 
Prior to use, such sorbents must be wetted with a water- 
miscible polar organic solvent to solvate the alkyl chains. 
This increases the contact of these chains with the aqueous 
phase, increasing the sorbent surface area available to sol- 
utes and, therefore, retention of solutes. Such sorbents which 
are not pre-wetted or have dried out display poor solute 
retention, and, thus, inadequate separation of solution com- 
ponents. 

The requirement that the sorbent remain wetted during the 
extraction procedure complicates solid phase extractions 
and substantially slows sample analysis. For example, solid 
phase extraction cartridges, in general, have differing flow 
rates and must be monitored individually to prevent drying 
out when used on a vacuum manifold, the current state of the 
art for processing multiple samples. This further complicates 
the development of instruments for automated solid phase 
extraction, which often incorporate elaborate safeguards to 
prevent drying out of the sorbent. 

Thus, there is need for a solid phase extraction method 
which utilizes a sorbent that does not require wetting with an 
organic solvent or that stays wetted even if the bulk of the 
wetting solvent is removed during use on a vacuum mani- 
fold. Such a method would enable more rapid sample 
preparation for quantitative analysis, particularly for mul- 
tiple samples, and allow the development of less expensive 
and simpler methods for automated solid phase extraction. 

SUMMARY OF THE INVENTION 

The present invention relates to a method for removing an 
organic solute from a solution. The method comprises 
contacting the solution with a water- wettable polymer 
formed by copolymerizing one or more hydrophobic mono- 
mers and one or more hydrophilic monomers, whereby the 
solute is adsorbed onto the polymer. The solution can 
comprise a polar solvent such as a polar organic solvent, a 
water/organic mixture or, preferably, water or an aqueous 
solution, such as an aqueous buffer, acid, base or salt 
solution. 
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The hydrophobic monomer can comprise a hydrophobic 
moiety. Suitable hydrophobic moieties include, but are not 
limited to phenyl, phenylene and C 2 -C 8 -alkyl groups. Suit- 
able hydrophobic monomers include divinylbenzene and 
5 styrene. 

The hydrophilic monomer can comprise a hydrophilic 
moiety. In one embodiment the hydrophilic moiety is a 
saturated, unsaturated or aromatic heterocyclic group, such 
as a pyrrolidonyl group or a pyridyl group. In another 

10 embodiment, the hydrophilic moiety is an ether group. 
Suitable hydrophilic monomers are, for example, 
N-vinylpyrrolidone, 2-vinylpyridine, 3-vinylpyridine, 
4-vinylpyridine and ethylene oxide. 

In one embodiment of the method, the polymer is a 

15 poly(divinylbenzene-co-N-vinylpyrrolidone) copolymer 
which comprises greater than about 12 mole percent 
N-vinylpyrrolidone. In a preferred embodiment, the copoly- 
mer comprises from about 15 mole percent to about 30 mole 
percent N-vinylpyrrolidone. 

The present invention further includes a method for 
forming a solution, containing a solute, which is suitable for 
quantitative analysis. In one embodiment, the method com- 
prises contacting a first solution including the solute with a 

25 water-wettable polymer formed by copolymerizing at least 
one hydrophobic monomer and at least one hydrophilic 
monomer, whereby the solute is adsorbed onto the polymer. 
This is followed by washing the polymer with a suitable 
solvent or mixture of solvents, so that the solute is desorbed 

3Q from the polymer, thereby forming a second solution includ- 
ing the solute. This second solution is suitable for quanti- 
tative analysis. 

In another embodiment, the invention provides a method 
for forming a solution comprising a polar organic solute 

35 which is suitable for quantitative analysis. The method 
comprises contacting a solution which includes the polar 
organic solute and at least one additional solute of lesser 
polarity with a water-wettable polymer formed by copoly- 
merizing at least one hydrophobic monomer and at least one 

40 hydrophilic monomer, whereby the additional solute is 
adsorbed onto the polymer and the polar solute remains in 
the aqueous phase. The resulting aqueous phase is, thus, a 
solution of the polar organic solute which is suitable for 
quantitative analysis. 

45 The present invention further includes a solid phase 
extraction cartridge comprising an open-ended container 
and a polymer packed within the container. The solid phase 
extraction cartridge can, optionally, further comprise a 
porous retaining means, such as a frit. The polymer is 

50 formed by copolymerizing at least one hydrophobic mono- 
mer and at least one hydrophilic monomer. Suitable poly- 
mers include poly(divinyIbenzene-co-N-vinylpyrrolidone) 
copolymers which comprise about 12 mole percent or more, 
preferably from about 15 mole percent to about 30 mole 

55 percent, N-vinylpyrrolidone. The solid phase extraction car- 
tridge preferably comprises from about 0.025 g to about 1 g 
of the polymer. 

The present invention enables the solid phase extraction 
of one or more solutes from an aqueous solution, without 

60 prior wetting of the sorbent with an organic solvent. The 
method is versatile with respect to solute identity, resulting 
in extraction of a broad range of solutes of varying polarity. 
A particular advantage of the method is that the sorbent can 
dry out during the extraction procedure without diminishing 

65 the ability of the sorbent polymer to retain solutes. Thus, the 
present invention provides a simpler method for the prepa- 
ration of analytical samples, decreasing sample preparation 
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time and increasing sample throughput. The present method i.e., greater than about 50% water by volume, solution. The 

is, thus, also more amenable to automation than currently solute is preferably an organic compound. 

used methods. The solution can be contacted with the polymer in any 

BRIFF DFSCR IPTTDM OF THF ftstvpntidm fashioD which P ermits intimate contact of the polymer and 

BRIEF DESCRIPTION OF THE INVENTION 5 ^ ^Mon, such as a batch or chromatographic process. 

The Figure is a schematic, in cross-section, of one For example, the solution can be forced through a porous 

embodiment of the solid phase extraction cartridge of the polymer column, disk or plug, or the solution can be stirred 

present invention. with the polymer, such as in a batch-stirred reactor. The 

solution can also be added to a polymer-containing well of 

DETAILED DESCRIPTION OF THE 10 a microliter plate. The polymer can take the form of, for 

INVENTION example, beads or pellets. The solution is contacted with the 

The present invention provides a method for solid phase polymer for a time period sufficient for the solute of interest 

extraction of aqueous or buffered aqueous solutions which to substantially adsorb onto the polymer. This is typically the 

does not require that the sorbent be wetted with an excess of timc necessary for the solute to equilibrate between the 

organic solvent prior to and during the solid phase extraction 15 P olvmcr surface and the solution. The adsorption or partition 

process. The invention is based on the discovery that poly- of the onto thc P<>l)™er can be partial or complete, 

mers or resins comprising both a hydrophilic monomer and A preferred polymer for use in the present method is 

a hydrophobic monomer in a suitable ratio can be wetted by water-wettable and has the ability to retain a variety of 

water while maintaining surprisingly effective retention of solutes of varying polarity. The term "water-wettable", as 

organic solutes with a wide range of chromatographic 20 used herein, describes a material which is sorvated, partially 

polarities. or completely, by water. The material, thus, engages in 

As described in the Exemplification, a relatively small energetically favorable or attractive interactions with water 

increase in the N-vinylpyrrolidone content of a poly molecules. These interactions increase the amount of surface 

(divinylbenzene-co-N-vinylpyrroUdone) copolymer resulted „ area of the matenal wmch > u P OQ contact ^ water > is 

in a dramatic improvement in retention of polar organic accessible to water molecules, and, hence, to solutes present 

solutes under conditions in which the pre-wetted polymer m ac I ueous solution. 

was dried under reduced pressure for several minutes. For Th e lerm "monomer", as used herein, refers to both a 

example, under these conditions, recovery of acetaminophen molecule comprising one or more polymerizable functional 

from such a copolymer comprising 9 mole percent 30 groups prior to polymerization, and a repeating unit of a 

N-vinylpyrrolidone was 10.4%. Increasing the mole percent polymer. A polymer can comprise two or more different 

N-vinylpyrrolidone in the copolymer to 13 resulted in a monomers, in which case it can also be referred to as a 

92%. recovery of acetaminophen. Similar results were copolymer. The "mole percent" of a given monomer which 

observed for procainamide, ranitidine, and caffeine. For a copolymer comprises is the mole fraction, expressed as a 

relatively nonpolar solutes the difference in recovery 35 percent, of the monomer of interest relative to the total 

between the two copolymers was less dramatic. moles of the various (two or more) monomers which com- 

Thc ability of poly (divinylbenzene-co-N- pose the copolymer, 
vinylpyrrolidone) copolymers comprising between 13 mole In one embodiment of the method, the solution is con- 
percent and 22 mole percent N-vinylpyrrolidone to retain Ucted tne polymer in dry form. In another embodiment 
organic solutes was also compared with that of octadecyl 40 me polymer is wetted prior to contacting the solution with 
(C 8 )-bonded silica geL As discussed in the Exemplification, me polymer, for example, by treating the polymer with a 
the C 8 -bonded silica sorbent showed poor retention of polar P olar organic solvent, followed by water or an aqueous 
organic solutes when the sorbent was pre-wetted with an buffer. 

organic solvent and then dried under reduced pressure prior The hydrophilic monomer can comprise hydrophilic 
to extraction. For example, this sorbent showed a 2.8%. 45 group. In one embodiment, the hydrophilic group is a 
recovery of m-toluamide under these conditions. In contrast, heterocyclic group, for example, a saturated, unsaturated or 
the poly(divinylbenzene-co-N-vinylpyrrolidone) copolymer aromatic heterocyclic group. Suitable examples include 
comprising 13 mole percent N-vinylpyrrolidone displayed a nitrogen-containing heterocyclic groups such as pyrrolido- 
96.3% recovery of m-toluamide under similar conditions. nyl and pyridyl groups. In another embodiment, the hydro- 
Overall, the results demonstrate that a balance between the 50 philic moiety is an ether group. The hydrophilic monomer 
mutually exclusive properties of water-wettability and reten- can be, for example, N-vinylpyrrolidone, 2-vinylpyridine, 
tion of organic solutes can be achieved in a copolymer which 3-vinylpyridine, a hydrophobic moiety, 4-vinylpyridine or 
has a suitable ratio of hydrophilic monomers and hydropho- ethylene oxide. 

bic monomers. The hydrophobic monomer can comprise, for example, an 

In one embodiment, the invention is a method for remov- 55 aromatic carbocyclic group, such as a phenyl or phenylene 

ing a solute from a solution. The method comprises the step group, or an alkyl group, such as a straight chain or branched 

of contacting the solution with a water-wettable polymer C2-C 18 -alkyl group. Suitable hydrophobic monomers 

formed by copolymerizing at least one hydrophobic mono- include, but are not limited to, styrene and divinylbenzene. 

mer and at least one hydrophilic monomer, whereby the In a preferred embodiment, the polymer to be contacted 

solute is adsorbed onto the polymer. The solution can 60 with the solution is a poly(divinylbenzene-co-N- 

comprise water, or a mixture of water and a water-miscible vinylpyrrolidone) copolymer. The polymer can comprise 

polar organic solvent such as methanol, ethanol, N, about 12 mole percent or more N-vinylpyrrolidone. In a 

N-dimethylformamide, dimethylsulfoxide or acetonitrile. particularly preferred embodiment, the polymer comprises 

The solution can also comprise a mixture of water or an from about 15 mole percent to about 30 mole percent 

aqueous buffer and a polar, water-miscible organic solvent. 65 N-vinylpyrrolidone. 

In a particularly preferred embodiment, the solution is an The polymer can be in the form of, for example, beads 

acidic, basic or neutral aqueous or predominately aqueous, having a diameter in the range from about 5 to about 500 ^m, 
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preferably from about 20 to about 200 /mi. The copolymer, 
preferably, has a specific surface area in the range from 
about 200 to about 800 square meters per gram and pores 
having a diameter ranging from about 0.5 nm to about 100 
nm. 

The solution comprising the solute can, optionally, further 
contain one or more additional solutes. In one embodiment, 
the solution is an aqueous solution which includes a com- 
plex variety of solutes. Solutions of this type include blood 
plasma, urine, cerebrospinal fluid, synovial fluid and other 
biological fluids, including extracts of tissues, such as liver 
tissue, muscle tissue, brain tissue and heart tissue. Such 
extracts can be aqueous extracts or organic extracts which 
have been dried and subsequently reconstituted in water or 
in a water/organic mixture. 

The solution can also be ground water, surface water, 
drinking water or an aqueous or organic extract of an 
environmental sample, such as a soil sample. The solution 
can further be a food substance, such as a fruit or vegetable 
juice or milk or an aqueous or aqueous/organic extract of a 
food substance, such as a fruit, vegetable, cereal, or meat. 

The solute can be any organic compound of polarity 
suitable for adsorption onto the polymer. Such solutes can 
include, for example, drugs, pesticides, herbicides, toxins 
and environmental pollutants resulting from the combustion 
of fossil fuels or other industrial activity, such as metal- 
organic compounds comprising a heavy metal such as 
mercury, lead or cadmium. The solutes can also be metabo- 
lites or degradation products of the foregoing materials. The 
solutes can also include biomolecules, such as proteins, 
peptides, hormones, polynucleotides, vitamins, cofactors, 
metabolites, lipids and carbohydrates. 

In one embodiment of the method, the polymer is packed 
as particles within an open-ended container to form a solid 
phase extraction cartridge. The container can be, for 
example, a cylindrical container or column which is open at 
both ends so that the solution can enter the container through 
one end, contact the polymer within the container, and exit 
the container through the other end. The polymer can be 
packed within the container as small particles, such as beads 
having a diameter between about 5 /«n and about 500 ^m, 
preferably between about 20 and about 200 //m. The 
polymer particles can also be packed in the container 
enmeshed in a porous membrane. 

The container can be formed of any material which is 
compatible, within the time frame of the extraction process, 
with the solutions and solvents to be used in the procedure. 
Such materials include glass and various plastics, such as 
high density polyethylene and polypropylene. In one 
embodiment, the container is cylindrical through most of its 
length and has a narrow tip at one end. One example of such 
a container is a syringe barrel. 

The solid phase extraction cartridge can further comprise 
a porous retaining means, such as a filter element, or frit, at 
one or both ends of the cartridge adjacent to the polymer to 
retain the polymer within the cartridge and to remove 
undissolved solid materials from the solution as it flows into 
the cartridge, while still permitting solution flow into and out 
of the cartridge. Such a filter can be formed from, for 
example, fritted glass or a porous polymer, such as a porous 
high density polyethylene. 

The amount of polymer within the container is limited by 
the container volume and can range from about 0.001 g to 
about 50 g, but is preferably between about 0.025 g and 
about 1 g. The amount of polymer suitable for a given 
extraction depends upon the amount of solute to be 
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adsorbed, the available surface area of the polymer and the 
strength of the interaction between the solute and the poly- 
mer. This can be readily determined by one of ordinary skill 
in the art. 

5 The present invention includes a solid phase extraction 
cartridge as described above, wherein the polymer is a 
water-wettable polymer formed by copolymerizing at least 
one hydrophobic monomer and at least one hydrophilic 
monomer. The polymer can be, for example, a poly 

10 (divinylbenzene-co-N-vinylpyrrolidone) copolymer com- 
prising about 12 mole percent or more N-vinylpyrrolidone. 
In a preferred embodiment, the copolymer comprises from 
about 15 mole percent to about 30 mole percent 
N-vinylpyrrolidone. The cartridge can be a single use 

15 cartridge, which is used for the treatment of a single sample 
and then discarded, or it can be used to treat multiple 
samples. 

A preferred embodiment of the solid phase extraction 
cartridge of the present invention is illustrated in cross 

20 section in the Figure. Container 1 is a syringe barrel which 
can be formed of molded polypropylene and can have a 
volume ranging from about 1 cm 3 to about 50 cm 3 . Water 
wettable polymer 2 is prepared by the copolymerization of 
N-vinylpyrrolidone and divinylbenzene and comprises from 

25 about 12 mole percent to about 30 mole percent 
N-vinylpyrrolidone. Polymer 2 is packed within the con- 
tainer as porous beads of diameter between about 20 pan and 
about 200 /an. The mass of polymer 2 packed within the 
container can range from about 0.025 g to about 10 g, 

30 depending upon the volume of the container. Frits 3 and 4 
are formed of porous high density polyethylene. 

The solution to be treated is added to the top of the solid 
phase extraction cartridge and allowed to flow through the 

35 cartridge, bringing the solute to be adsorbed into contact 
with the polymer. The solution can flow through the car- 
tridge under the force of gravity. Increased flow rates can be 
achieved by establishing a pressure difference between the 
ends of the cartridge. Such a pressure difference can be 

^ established by attaching a vacuum source to the lower end 
of the cartridge or by applying positive pressure to the upper 
end of the cartridge, for example, by applying a pressurized 
gas, such as air or nitrogen, to the top of the cartridge, or by 
compressing the air within the cartridge above the polymer 

45 with a piston or plunger. The flow rate of the solution 
through the cartridge can be adjusted by regulating the 
pressure difference across the cartridge. Suitable solution 
flow rates, given in terms of the linear velocity of the 
solution, range up to about 14 mm/second, but are preferably 

50 in the range from about 0.7 to about 3.5 mm/second. 

Another aspect of the present invention is a method for 
forming a solution of a solute which is suitable for quanti- 
tative analysis. In one embodiment, the solute is of a polarity 
suitable for adsorption onto the polymer. The method com* 

55 prises contacting a first solution which includes the solute 
with a polymer formed by copolymerizing at least one 
hydrophobic monomer and at least one hydrophilic 
monomer, whereby the solute is adsorbed onto the polymer. 
This is followed by washing the polymer with a suitable, 

60 stronger solvent or mixture of solvents, thereby desorbing or 
eluting the solute from the polymer and forming a second 
solution which contains the solute. This second solution is 
suitable for the quantitative analysis of the solute. 

The solution contacted with the polymer can comprise the 

65 solute of interest in dilute form, for example, at a concen- 
tration too low for accurate quantitation. By adsorbing the 
solute onto the polymer and then desorbing the solute with 
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a substantially smaller volume of a less polar solvent, a polymer. The solutes are then desorbed from the polymer in 

solution which includes the solute of interest can be pre- order of decreasing polarity (i.e., most polar solute first, 

pared having a substantially higher concentration of the followed by solutes of successively decreasing polarity) by 

solute of interest than that of the original solution. The washing the polymer with a sequence of solvents of decreas- 

method also results in solvent exchange, that is, the solute is 5 ing polarity. 

removed from a first solvent and re-dissolved in a second Polymers, solutions and solutes which are suitable for this 

solvent method include those described above. Solvents which are 

The polymer need not be pretreated or wetted prior to suitable for desorbing the solute from the polymer will 

contacting the solution with the polymer. In one typically be polar water-miscible organic solvents, such as 

embodiment, the polymer is treated with a water-miscible 10 alcohols, for example, methanol, ethanol, and isopropanol, 

organic solvent, followed by water or aqueous buffer, prior acetonitrile, acetone, and tetrahydrofuran, or mixtures of 

to contacting the solution with the polymer. In another water and these solvents. The desorbing solvent can also be 

embodiment, the solution is contacted with dry polymer, that a nonpolar or moderately polar water-immiscible solvent 

is, the polymer is hot wetted prior to treatment of the such as dichlorome thane, diethylether, chloroform, or ethy- 

solution. 15 lacetate. Mixtures of these solvents are also suitable. Pre- 

The solution contacted with the polymer can comprise a ferred solvents or solvent mixtures must be determined for 

polar solvent and is preferably predominately, i.e. greater each individual case. A suitable solvent can be determined 

than 50% by volume, an acidic, basic or neutral aqueous by one of ordinary skill in the art without undue 

solution or aqueous buffer. The solution can also comprise a experimentation, as is routinely done in chromatographic 

water-miscible polar organic solvent such as methanol, 20 methods development (McDonald and Bouvier, supra, 

ethanol, acetonitrile, N,N-dimethylformamide, or (1995); Snyder and KiikLand, Introduction to Modern Liquid 

dimethylsulfoxide, or a mixture of such a solvent and water. Chromatography, New York: J. Wiley and Sons (1974)). 

The solution comprising the solute of interest can further The methods of the present invention can be used to 

comprise one or more additional solutes. In one prepare solutions of a solute which are suitable for quanti- 

embodiment, the additional solute or solutes are more polar 25 tative analysis via a variety of techniques, including high 

than the solute of interest, and, thus, adsorb more weakly to performance liquid chromatography, gas chromatography, 

the polymer than the solute of interest. Such an additional gas chromatography/mass spectrometry, and immunoassay, 

solute can be desorbed from the polymer by washing the The sorbent polymers used in the methods of the present 

polymer with a solvent which does not desorb the compound ^ invention can be prepared via standard synthetic methods, 

of interest, thereby forming a solution of the additional For example, a poly(divinylbenzene-co-N- 

solute or solutes which is substantially free of the solute of vinylpyrrolidone) copolymer can be synthesized by copo- 

interest. A suitable solvent for the desorption of the addi- lymerization of divinylbenzene and N-vinylpyrrolidone 

tional solute will typically be sufficiently polar that it does using standard methods of free radical polymerization which 

not desorb the compound of interest. 3s are well known in the art. One method for forming copoly- 

After desorption of the additional solute or solutes, the mers of this type is disclosed in U.S. Pat. No. 4352,124, 

compound of interest can be desorbed by washing the issued to Meitzner et al., the contents of which are incor- 

polymer with a suitable, i.e., less polar, solvent. This forms porated herein by reference. The composition of the result - 

a solution of the organic solute which is substantially free ing copolymer depends upon the starting stoichiometry of 

from more polar solutes and is suitable for the quantitative AQ the two monomers and can be readily varied. The compo- 

analysis of the organic solute. sition of the product copolymer in some cases will not be 

In one embodiment, the solute of interest adsorbs onto the substantially the same as the proportion of the starting 

polymer, but one or more additional solutes do not. Such an materials, due to differences in reactivity ratios among the 

additional solute can be, for example, of sufficiently high monomers. 

polarity that it does not adsorb onto the polymer. The 4S The invention will now be further and specifically 

additional solute can also comprise large molecules, for described by the following example, 
example, macromolecules such as proteins, which are 

unable to pass through the pores within the polymer, and, Exemplification 
thus, have access to only a small fraction of the overall 

polymer surface area. Such molecules are typically retained 50 Materials 

poorly, if at all, by the polymer. Tne model so l u tes procainamide, acetaminophen, 

In a further embodiment, the additional solute or solutes m-toluidine, m-toluamide, propranolol, caffeine, and 2,7- 

are less polar than the solute of interest and, thus, adsorb to dihydroxy naphthalene were obtained from Aldrich Chemi- 

the polymer more strongly than the compound of interest. cal Company (Milwaukee, Wis.), while doxepin, ranitidine, 

The compound of interest can be weakly to moderately 55 and be tamethasone-17-valerate were purchased from Sigma 

adsorbed or not adsorbed. If adsorbed, the solute of interest Chemical Company (St. Louis, Mo). The tC 8 bonded silica 

is desorbed from the polymer by washing the polymer with solid phase extraction cartridge was obtained from Waters 

a solvent of sufficient polarity that it does not desorb the Corporation (Milford, Mass., catalogue no. WAT054960). A 

additional solute or solutes. Thus, the compound of interest poly(divinylbenzene-co-N-vinylpyrrolidone) copolymer 

can be desorbed from the polymer without desorbing the 60 comprising about 9 mole percent N-vinylpyrrolidone was 

other solutes. obtained from Waters Corporation (Porapak®R). Poly 

In one embodiment, the additional solute or solutes are (divinylbenzene) was also obtained from Waters 

also analytes of interest. Thus a series of solutes initially (Styragel®). 

present in a solution can be separated, and solutions of each Preparation of poly(divinyIbenzene-co-N-vinylpyrrolidone) 

suitable for quantitative analysis can be formed using the 65 copolymers 

method of the present invention. In this case, the solution is To a 3000 mL flask was added a solution of 5.0 g 

contacted with the polymer so that the solutes adsorb to the hydroxypropylmethylcellulose (Methocel El 5, Dow Chemi- 
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cal Co., Midland, Mich.) in 1000 mL water. To this was 
added a solution of 175 g divinylbenzene (DVB HP-80, 
Dow), 102 g N-vinyl-2-pyrrolidone (International Specialty 
Products), and 1.85 g azobisisobutyronitrile (Vazo 64, 
Dupont Chemical Co, Wilmington, Del.) in 242 g toluene. 5 
The resulting biphasic mixture was stirred for 30 minutes at 
room temperature using sufficient agitation to form oil 
droplets of the desired micron size. The resulting suspension 
was then heated under moderate agitation to 70° C. and 
maintained at this temperature for 20 hours. The suspension 10 
was then cooled to room temperature, filtered and washed 
with methanol. The filter cake was then dried in vacuo for 16 
hours at 80° C. The composition of the product polymer was 
determined by elemental analysis. Elemental analysis: N: 
2.24%; mole percent N-vinylpyrrolidone: 20%. 

A series of poly(divinylbenzene-co-N-vinylpyrrolidone) 
copolymers comprising about 13, 14, 16, and 22 mole 
percent N-vinylpyrrolidone was also prepared by this 
method by varying the starting ratio of the divinylbenzene 
and N-vinylpyrrolidone monomers. 

A 50 mg amount of each polymer was packed into a 1 cc 
Sep-Pak Vac® cartridge container (Waters Corporation) 
having a polyethylene frit at both the inlet and the outlet of 
the polymer bed to form a solid phase extraction cartridge. 



Method 

Each model compound was dissolved in 20 mM phos- 
phate buffer, pH 7, to form a solution having a concentration 
of 10 ^g/mL. 

Solid phase extraction of model solutes 

The solutions of the model solutes were subjected to solid 
phase extraction on solid phase extraction cartridges condi- 
tioned under two sets of conditions. In both cases the 
cartridge was attached to a vacuum manifold and treated 
with 1 mL methanol. The vacuum was set to about 4" Hg, 
to give a methanol flow rate of 1 mL/minute. Under the first 
set of conditions ("wet conditions"), the vacuum was 
released when the methanol level reached the top of the 
sorbent. Under the second set of conditions ("dry 
conditions") the sorbent was allowed to dry out under 
vacuum following conditioning with methanol. As in the 
first method, the cartridge was treated with 1 mL methanol, 
at a flow rate, under reduced pressure (4* Hg), of about 1 
mL/minute. When the methanol level reached the top of the 
sorbent, the vacuum was set to 10" Hg and maintained for 
10 minutes to dry the polymer bed. 

In both wet and dry cases, 1 mL of the model compound 
solution was applied to the cartridge at a flow rate of 1 
mL/minute. A 1 mL portion of 20 mM phosphate buffer, pH 
7 was then added at a flow rate of 1 mL/minute. A 1 mL 
portion of methanol was then added at a flow rate of 
1 mL/minute to desorb and eluale the model compound. To 
the eluate was added an internal standard, and the model 
compound within the eluent was quantitated by high per- 
formance liquid chromatography. 

Results 
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required greater than 1 mL methanol for quantitative elution. 
When the sorbent was treated under dry conditions, only 
dipropylphthalate and betamethasone valerate were recov- 
ered in greater than 80% yield, and recovery of 
procainamide, acetaminophen and ranitidine fell below 
10%. 



When the sorbent was tC 18 -bonded silica, each compound 
tested was recovered in high yield (>85%) under wet con- 
ditions. Allowing the sorbent to dry out had negligible effect 
on the recovery of dipropylphthalate, doxepin and 
betamethasone valerate, but reduced the yield of caffeine, 
m-tohiidine, m-toluamide, 2,7-dihydroxynaphthalene and 
propranolol to about 13% or less. 

When the sorbent was a poly(divinylbenzene-co-N- 
vinylpyrrolidone) copolymer, recovery of each compound 
was in the range of about 80-100% when the sorbent was 
kept wetted. When the copolymer composition was 9 mole 
percent N-vinylpyrrolidone, high recovery of the nonpolar 
20 compounds was noted under both wet and dry conditions. 
The more polar compounds were recovered in high yield 
under wet conditions but in sharply reduced yield under dry 
conditions. Recovery of these compounds under dry condi- 
tions dramatically increased when the N-vinylpyrrolidone 
25 component of the copolymer was increased to about 13 mole 
percent or greater. The recovery of these compounds under 
wet conditions was essentially invariant as the copolymer 
composition was changed. 
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TABLE 



Comparison of SPE recoveries for various model compounds 
Analyses performed in triplicate. DVB » divinylbenzene, NVP = 
N-vinytpyrrolidone % NVP given as mole percent NVP. 



Percent Recovery (Average) 



Poly(DVB- 
co-NVP) 



Poly(DVB- 
co-NVP) 





Poly(DVB) 


9% 


NVP 


13% NVP 


Compound 


wet 


dry 


wet 


dry 


wet 


dry 


Procainamide 


95.4 


Z5* 


90.8 


4.9* 




84.8* 


Acetaminophen 


98.0 


2.0* 


93.8* 


10.4* 




92.3 


Ranitidine 


95.0 


5.4* 


89.6 


13.4* 




99.7 


Caffeine 


95.6* 


30.8* 


101.0 


25.6* 


96.0 


95.7 


Toruamide 


98.5 


54.8* 


101.1 


74.4* 


96.5 


96.3 


ToluidLne 


95.6 


80.7* 


102.8 


96.8 


97.6 


98.0 


2,7- Dihydroxynaphtha lene 


99.5 


46.5* 


103.6 


89.6* 


96.8 


96.3 


Propranolol 


92.3 


55.8* 


102.1 


94.5 


94.2 


92.4 


Dipropylphthalate 


91.5 


99.2 


192.1 


101.6 


93.1 


100.0 


Doxepin 


47.5+ 


55.4+ 


85.3 


86.8 


77.5+ 


78.0 


Betamethasone- 13- valerate 


89.1 


83.6 


93.3 


97.1 


85.9+ 


89.8 



Percent Recovery (Average) 



55 



Compound 



Poly(DVB- 
co-NVP) 
14% NVP 

wet dry 



Poly(DVB- 
co-NVP) 
16% NVP 



Poly(DVB- 
co-NVP) 
20% NVP 



wet 



dry wet dry 



60 



The results are summarized in the table below, which lists 
polar compounds (procainamide, acetaminophen and 
ranitidine), moderately polar compounds (caffeine, 
m-toluamide, m-toluidine, 2,7-dihydroxynaphthalene, and 
propranolol) and nonpolar compounds (dipropylphthalate, 
doxepin and betamethasone- 13-valerate). When the sorbent 
was poly(divinylbenzene) all compounds except doxepin _ 
showed greater than 89% recovery when the sorbent was 65 Betamethasone-i3-vaierate 
conditioned under wet conditions. Recovery of doxepin, as 
shown, was significantly lower because this compound 



Procainamide 94.2 84* 

Acetaminophen 97.9 89.4* 

Ranitidine 93.5 88.4 

Caffeine 98.7 96.8 

Tohjatnide 100.8 96.4 

Toluidine 96.5 93.4 

2,7-Dihydroxynaphthalene 95.9 94.2 
Propranolol 
Dipropylphthalate 
Doxepin 



99.9 98.8 89.1 88.3 

1045 104.4 96.2 94.8 

98.3 97.6 86.0 85.2 

99.7 97.3 

100.0 97.0 

94.0 93.2 
96.7 95.4 

94.1 95.4 
89.5 89.3 
84.1 81.8 
92.7 87.0 
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TABLE-continued 



Comparison of SPE recoveries for various model compounds 
Analyses performed in triplicate. DVB = divinylbenzene, NVP = 
N-vinylpyrrolidone % NVP given as mole percent NVP. 

Percent Recovery (Average) 

Poly(DVB- Poly(DVB- 
co-NVP) co- NVP) 
20% NVP 22% NVP tQg 



Compound 


wet 


dry 


wet 


dry 


wet 


dry 


Procainamide 




92.3 


85.7 


93.3 






Acetaminophen 




93.4 


96.7 


102.2 






Ranitidine 




92.1 


76.9 


86.6 






Caffeine 


97.7 


98.2 


99.2 


95.4 


103.9 


1.5* 


Toluamide 


97.0 


97.3 


100.5 


96.3 


103.7 


2.8* 


Toluidine 


95.1 


96.7 


91.9 


90.3 


101.7 


13.4* 


2,7- Dihyd roxynaphthalene 


95.7 


94.5 


94.4 


90.0 


102.8 


0* 


Propranolol 


88.5 


85.5 


88.0 


88.3 


98.2 


9.3* 


Dipropylphthalate 


88.9 


86.0 


89.1 


98.S 


92.2 


98.4 


Doxepin 


84.7 


77.5 


78.6 


79.9 


95.1 


104.0 


Betamethasone- 1 3-valeratc 


84.0 


85.0 


85.9 


85.9 


86.6 


88.3 



"Breakthrough in load/wash 

•(-Requires greater than 1 mL methanol for complete elution 



Equivalents 

Those skilled in the art will recognize or be able to 
ascertain using no more than routine experimentation many 
equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be 
encompassed in the scope of the following claims. 

What is claimed is: 

1. A method for removing one or more solutes from a 
solution, comprising contacting the solution with a water- 
wettable polymer formed by copolymerizing at least one 
hydrophilic monomer and at least one hydrophobic 
monomer, said polymer comprising from about 12 mole 
percent to about 30 mole percent of the hydrophilic 
monomer, whereby the solute is adsorbed onto the polymer. 

2. The method of claim 1 wherein the solution comprises 
a polar solvent. 

3. The method of claim 2 wherein the polar solvent is 
water, an aqueous solution or a mixture of water and one or 
more polar organic solvents. 

4. The method of claim 3 wherein the solution is blood 
plasma, urine, cerebrospinal fluid, synovial fluid, a tissue 
extract, groundwater, surface water, a soil extract, a food 
substance, or an extract of a food substance. 

5. The method of claim 2 wherein the solvent is methanol, 
ethanol, acetonitrile, tetrahydrofuran, N,N- 
dimethylformamide or dimethylsulf oxide. 

6. The method of claim 1 wherein the hydrophilic mono- 
mer comprises a heterocyclic group. 

7. The method of claim 6 wherein the heterocyclic group 
is a pyrrolidonyl group or a pyridyl group. 

8. The method of claim 7 wherein the hydrophilic mono- 
mer is selected from the group consisting of 2-vinylpyridine, 
3-vinylpyridine, and 4-vinylpyridine. 

9. The method of claim 7 wherein the hydrophilic mono- 
mer is N-vinylpyrrolidone. 

10. The method of claim 1 wherein the hydrophobic 
monomer comprises a phenyl group, a phenylene group or 
a straight chain or branched C 2 -C 18 -alkyl group. 

U. The method of claim 10 wherein the hydrophobic 
monomer is styrene or divinylbenzene. 

12. The method of claim 1 wherein the polymer is a 
poly(divinylbenzene-co-N-vinylpyrrolidone) copolymer. 

13. The method of claim 12 wherein the polymer com- 
prises from about 15 mole percent to about 30 mole percent 
N-vinylpyrrolidone. 



12,521 

12 

14. The method of claim 1 wherein the polymer is within 
an open-ended container. 

15. The method of claim 1 wherein the solute is a drug, 
pesticide, herbicide, biomolecule, toxin, pollutant or a 

5 metabolite or degradation product thereof. 

16. The method of claim 15 wherein the biomolecule is a 
protein, vitamin, hormone, polypeptide, polynucleotide lipid 
or carbohydrate. 

17. A method for forming a solution of a solute which is 
10 suitable for quantitative analysis, comprising the steps of: 

(a) contacting a first solution which includes the solute 
with a water-wettable polymer formed by copolymer- 
izing at least one hydrophobic monomer and at least 

15 one hydrophilic monomer, said polymer comprising 
from about 12 mole percent to about 30 mole percent 
of the hydrophilic monomer, whereby the solute is 
adsorbed onto the polymer; and 

(b) washing the polymer with a solvent or a mixture of 
20 solvents, thereby desorbing the solute from the polymer 

and forming a second solution of the solute, said second 
solution being suitable for quantitative analysis. 

18. The method of claim 17 wherein the first solution 
comprises water, an aqueous solution or a mixture of water 

25 and one or more polar organic solvents. 

19. The method of claim 17 wherein the solvent is a polar, 
water-miscible organic solvent or a mixture of water and a 
polar, water-miscible solvent. 

20. The method of claim 19 wherein the solvent is 
30 selected from the group consisting of acetone, 

tetrahydrofuran, acetonitrile, methanol, ethanol, n-propanol 
and isopropanol. 

21. The method of claim 17 wherein the solvent is a 
water-immiscible organic solvent. 

35 22. The method of claim 21 wherein the solvent is 
selected from the group consisting of diethylether, 
ethylacetate, chloroform and dichlorom ethane. 

23. The method of claim 17 wherein the hydrophilic 
monomer is N-vinylpyrrolidone. 

24. The method of claim 17 wherein the hydrophobic 
40 monomer is divinylbenzene. 

25. The method of claim 17 wherein the polymer is a 
poly(divinylbenzene-co-N-vinylpyrrolidone) copolymer. 

26. The method of claim 25 wherein the polymer com- 
prises from about 15 mole percent to about 30 mole percent 

45 N-vinylpyrrolidone. 

27. A method for forming a solution of a polar organic 
compound which is suitable for quantitative analysis, com- 
prising the step of contacting an aqueous solution which 
includes the polar organic solute and one or more additional 

50 solutes, the additional solutes being less polar than the polar 
organic solute, with a water-wettable polymer formed by 
copolymerizing at least one hydrophobic monomer and at 
least one hydrophilic monomer, said polymer comprising 
from about 12 mole per cent to about 30 mole percent of the 

55 hydrophilic monomer, whereby the additional solutes are 
adsorbed onto the polymer and the polar organic solute 
remains in solution. 

28. The method of claim 27 wherein the hydrophobic 
monomer is divinylbenzene. 

29. The method of claim 27 wherein the hydrophilic 
60 monomer is N-vinylpyrrolidone. 

30. The method of claim 27 wherein the polymer is a 
poly(divinylbenzene-co-N-vinylpyrrolidone) copolymer. 

31. The method of claim 30 wherein the polymer com- 
prises from about 15 mole percent to about 30 mole percent 

65 N-vinylpyrrolidone. 

* * * * * 
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ABSTRACT 



A liquid microchromatographic column having a tubu- 
lar reservoir portion receiving the fluid solution to be 
separated and discharging into a barrel portion contain- 
ing finely divided ion exchange particles for separating 
the solution. A cap having an inlet port is received in 
sealed relation on the reservoir portion open end. The 
inlet port of the cap has a smooth generally cylindrical 
internal surface for receiving the discharge tip of a 
microsyringe or other pressure source, in sealed rela- 
tion. The chromatographic method of this invention 
then includes introducing the fluid solution to be sepa- 
rated and an eluting solution into the reservoir. Hie 
discharge tip of a microsyringe is then inserted into the 
inlet port of the cap and the plunger of the syringe is 
depressed to increase the pressure in the reservoir and 
create a pressure drop across the ton exchange particles, 
substantially reducing the time required for chromato- 
graphic separation. 

8 Claims, 2 Drawing Figures 
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arc collectively referred to as glycosylated hemoglo- 

MICROCHROMATOGRAPHIC COLUMN AND bins, G-Hb, and differ from the major component HbA 

METHOD only by having a carbohydrate moiety attached to the 

N-terminal valine of the beta globin chain. It has now 

FIELD OF THE INVENTION 5 been discovered that the concentration of glycosylated 

Chromatography is a method of separating and ana- hemoglobins, particularly HbAio is related to the aver- 
lyzing small quantities of substances by passing a solu- a S e blood su 8 ar level m humans. A microchromato- 
tion containing the substances through a column of graphic technique has been developed whereby the 
finely divided particles which selectively adsorb the glycosylated hemoglobins may be quantitatively deter- 
constituents of the solution. Initially, chromatography 10 mined rapidly and simply in a liquid microchromato- 
relied upon physical separation of the substances in one graphic column. As described above, the negatively 
or more sharply defined colored bands. More recently, charged resin exhibits an affinity for positively charged 
ion exchange chromatographic methods permit separa- molecules. At selective ion strength and pH, the 
tion and quantitation of charged molecules, such as glycosylated hemoglobins are less positively charged 
proteins and hemoglobins, making the procedure very 15 than hemoglobin A. Therefore, the glycosylated nemo- 
useful in medical research and clinical evaluation. globins bind to the negatively charged resin less tightly 

Ion exchange resins are now commercially available than hemoglobin A. With the application of a first de- 

in various pH ranges to selectively adsorb various mole- veloping buffer, the glycosylated hemoglobins are 

cules. The commercial ion exchange resins are a prepa- eluted, while the other hemoglobin components are 

ration of cellulose resin or other ion exchange resin 20 retained by the ion exchange resin. This fraction may 

particles, which attract negatively charged molecules. then be compared to a total fraction or a second devel- 

Proteins, such as hemoglobins, contain many positive oping luting buffer is used to elute the remaining he- 

and negative charges due to the ionizing properties of m0 gl6bins to determine the percentage of glycosylated 

the component amino acids. In anion exchange chroma- hemoglobins to total hemoglobins, 

tography, the pH level* ;are controlled to cause different 25 u s pat ^ 4142 855( 4^42,857 and 4,142,858, 

molecules to possess different net negative charges. The which ^ incorporated herein by reference, describe a 

negatively charged molecules are attracted to the posi- chromatographic method of determining the concentra- 

tively charged cellulose : and bind accordingly tk>n of g^y^ hemoglobins in blood and a mi- 

Fohowing binding, the molecules are selectively re- crocolumn ^ for such tests , ^ micr ochromato- 
moved from the resin by altering the pH or ionic 30 an 
strength of the eluting solutions. The eluting solutions * ro * ement the methods described m the refer . 
are used to selectively strip one component or molecule F , » A „ . - t j - t *i_ 
from the ion exchange resin column, leaving the re- **** However, as described hereinabove, the 
mainder. This procedure can be used several times to miCTOchromatographic column and method of this in- 
separate a number of differently charged mplecules. 35 ve * l0n are not limited to the determination of glycosy- 

Ion exchange columns and eluting solutions are also Iat f? hemoglobins. , . _, 

commercially available in kit form for separation and ^ ,K fl» d chromatographic column and method 

quantitation of various molecules, including hemoglo- desenbed in the above referenced patents rely upon 

bin A !c> hemoglobin A* Vanillylamandelic Acid gravity for dution, requiring sixty to ninety minutes for 
(VMA), Creatine Phosphokinase (CPK) MB, Lactic 40 the first elution and twenty to thirty minutes for the 

Dehydrogenase (LDHi, 2 ) and the molecular sieving second elut "> n - More recent improvements in micro- 

and desalting chromatography used for Carcinoembry- chromatographic columns by the assignee of this inven- 

onic Antigen (CEA) assays. A more detailed descrip- ^n and others has limited the elution time to about 

tion of the microchromatographic method of separation twenty minutes, or about ten minutes for each elution. 
and quantitation of glycosylated hemoglobin is given 45 There is also an existing form of chromatography which 

hereinbelow as an example of the method and column of utilizes high pressure to drive the eluting solution or 

this invention, however it will be understood that the developer. This method is called high pressure liquid 

microchromatographic column and method of this in- chromatography or HPLC. The HPLC method how- 

vention may be used for any similar procedure. ever requires expensive equipment, costing several 

A microchromatographic column generally includes 50 thousands of dollars, and operates under high pressures, 
a cylindrical barrel portion, which contains the ion which are not suitable for conventional micro- 
exchange particles, and which discharges into a reduced chromatographic columns. The need therefore remains 
diameter discharge tip portion, which is capped prior to for a simple, relatively inexpensive microchromato- 
use. The commercial microchromatographic columns graphic method which may be performed in seconds, 
generally include an enlarged reservoir portion, which 55 rather than twenty to sixty minutes. The micro- 
serves as a funnel to receive the solution to be separated chromatographic column and method of this invention 
and which discharges into the barrel portion. The ion achieves both purposes, 
exchange particles are generally supported on a filter SUMMARY r»F THF TNVFNTTONr 
disc located between the barrel portion and the reduced SUMMARY OF THE INVENTION 
diameter discharge tip portion. Microchromatographic 60 The liquid microchromatographic column of this 
columns of this type are available from the Assignee of invention includes a tubular barrel portion preferably 
the instant application, Helena Laboratories Corpora- terminating in a reduced diameter discharge tip as de- 
tion. scribed above. The fluid solution to be separated is 

The glycosylated hemoglobin test is based upon the received in a tubular reservoir portion which discharges 
clinical determination that three minor components of 65 into the barrel portion and an open end. As described, 
norman human hemoglobin, HbAia, HbAi*and HbAio the barrel portion contains the finely divided ion ex- 
exhibit faster chromatographic mobilities than the main change particles for separating the fluid solution which 
band of hemoglobin, HbA. Those minor components is received in the reservoir portion. A cap is sealingly 
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received on the open end of the tubular reservoir por- umn on the basis of charge. In the preferred embodi- 
tion. The cap includes an inlet port having a smooth ment, the column bed comprises a suspension of parti- 
generally cylindrical internal surface for receiving the cles of a microgranular ion exchange cellulose. In the 
cylindrical discharge tip of a conventional microsyringe glycosylated hemoglobin test described above, the col- 
or similar pressure source, in sealed relation. The micro- 5 umn comprises granular cation exchange resin equili- 
syringe may thus be used to increase the pressure in the brated in phosphate buffer to pH 6.70 with 0.065% 
reservoir portion of the column and form a pressure KCN. Further details of a suitable column are described 
drop across the ion exchange particles, substantially in the above referenced U.S. patents, the disclosure of 
reducing the time required for chromatographic separa- . which is incorporated herein. In the disclosed micro- 
tion. 10 chromatographic column, the particles are supported 
In the preferred embodiment, the cap is generally on a suitable filter disc 30 located between the cylindri- 
cup-shaped having an internally threaded lip portion cal discharge portion 26 and the reduced diameter dis- 
and the cap is thread ably received on the tubular open charge tip portion 32. A suitable filter disc is a high 
end of the reservoir portion. The cap preferably in- density polyethylene disc of the Ziegler type. A cap 34 
eludes a sealing means, such as at sealing disc, to seal the IS is received on the end of the discharge tip to seal the tip 
reservoir upon receipt of the microsyringe. A microsyr- prior to use. In the disclosed embodiment of the col- 
inge is normally plastic and the cylindrical internal umn, the fluid solution to be separated is received in the 
surface of the inlet port is also preferably plastic to form enlarged reservoir portion 36, which discharges into the 
a good seal between the discharge tip of the syringe and barrel portion 26 and contains the supernatant 38, fol- 
the reservoir of the microcolumn. A conventional mi- 20 lowing filtration. 

crosyringe may be utilized in the method of this inven- In the microchromatographic column of this inven- 
tion, including a barrel portion and a plunger. Depres- tion, the reservoir is closed by an end cap 42 including 
sion of the syringe plunger, with the syringe discharge an end portion 44 and a cylindrical lip portion 46. In the 
tip in the column inlet port increases the pressure in the disclosed embodiment, the lip portion is internally 
reservoir to form a pressure drop across the ion ex- 25 threaded at 48 to be threadably received on the exter- 
change particles, as described above. nally threaded end portion 50 of the reservoir. A sealing 

The method of this invention therefore includes in- disc 52 is preferably received between the end of the 
troducing the fluid solution to be separated and an elut- tubular reservoir portion 36 and the end portion 46 of 
ing solution into the column, through the open end of the cap. The cap may be formed of any suitable plastic 
the reservoir. The discharge tip of a microsyringe is 30 including polyethylene or polystyrene. Any suitable 
then inserted into the inlet port of the cap and the sealing material may be utilized, including paper, cork 
plunger of the syringe is depressed to create a pressure and plastic materials. The end portion of the cap in- 
drop across the ion exchange particles, as described eludes an inlet port 54 having a smooth generally cylin- 
above. This method reduces the time for chromato- drical internal surface 56 to receive the discharge tip of 
graphic separation from about ten to thirty minutes per 35 a microsyringe or a similar pressure source, such as a 
elution to about ten seconds. Where two or more elu- rubber bulb, in sealed relation, as described hereinbe- 
tions are required, the time is reduced from about low. The internal surface of the inlet port may be 
twenty to sixty minutes, to about twenty seconds. The slightly conical to form a tighter seal with the microsyr- 
time savings can be of tremendous advantage for certain inge. The disclosed microsyringe 22 is conventional and 
assays. For example, the method of this invention will 40 may be purchased commercially from a number of sup- 
allow a doctor to evaluate data during the patient's pliers. The disclosed microsyringe includes a barrel 
office visit, rather than at a later time, which may be portion 60 which is calibrated by volume. A typical 
extremely important in immediate patient care. microsyringe of this type has a volume of five cubic 

Other advantages and meritorious features of the centimeters. The barrel portion terminates in a reduced 

present invention will be more fully understood from 45 diameter cylindrical discharge tip 62 having a smooth 

the following detailed description of the micro- exterior surface. A plunger 64 is received in the barrel 

chromatographic column and method of this invention portion. A typical plunger is cruciform shaped having a 

and the drawings, a brief description of which follows. flat end portion 66 and a head portion 68. In the dis- 

rriff nF<?rRim-Tr>M r»F thf hr AwiNirj^ closed embodimcnt » thc hcad portion includes a soft 
BRIEF DESCRIPTION OF THE DRAWINGS 5Q p olyurcthailc hcad having a plurality of radially extend- 

FIG. 1 is a side elevation of the microchromato- ing cylindrical flange portions which sealingly engage 

graphic column of this invention with a conventional the internal cylindrical surface of the barrel portion and 

microsyringe; and force air or fluid from the barrel portion through the 

FIG. 2 is a cross-sectional side view of the micro- discharge tip 62. The disclosed embodiment of the mi- 
chromatographic column of FIG. 1 with a partial cross* 55 crosyringe also includes a pair of opposed radially ex- 
sectional view of the microsyringe in the operating tending finger grip portions 70, which are integral with 
position. the barrel portion. 

DFTAII pn np^PP 1PTTON OF thf ^ chromat osraphic separation method of this in- 

PprSnrMPr^m^ Ln™™ vention comprises introducing the fluid solution to be 

PREFERRED EMBODIMENTS AND METHOD M sepa rated and an eluting solution into the reservoir 36 of 

As described above, the microchromatographic col- the microchromatographic column 20. The solution is 

umn 20 of this invention is adapted to separate fluid then received in the cylindrical barrel portion 26 into 

solutions under the pressure generated by a microsyr- the finely divided ion exchange particles or granules 28. 

inge 22, reducing the time of elution by a factor of about As described above, the ion exchange resin is negatively 

sixty. The disclosed microchromatographic column 65 charged and will covalently couple to small positively 

includes a cylindrical barrel portion 26 containing ion charged molecules. In the glycosylated hemoglobin test 

exchange resin particles 28. As described above, the described above, the hemoglobins will adhere to the 

particles are adapted to separate molecules in the col- negatively charged ion exchange particles to be selec- 
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tively stripped by the eluting solutions. In the hemoglo- 
bin test, the pH or ionic strength of the first eluting 
solution is chosen to selectively remove the glycosy- 
lated hemoglobins, as described in the above referenced 
patents. The sample and the eluting solutions may be 5 
received through the open end of the reservoir, with the 
cap removed or through the inlet port 54 of the end cap, 
using a mtcropipette. In the test described in the above 
referenced patents, the solutions flow through the ion 
exchange cellulose particles 28, solely under the influ- 10' 
ence of gravity. As stated therein, this procedure takes 
sixty to ninety minutes. 

In the method of this invention, the time required for 
chromatographic separation is substantially reduced by 
using the pressure generated by the microsyringe 22. As 15 
shown in FIG. 2, the discharge tip 62 of the microsyr- 
inge is inserted into the inlet port 54 of the end cap 42. 
The smooth cylindrical surface 62 of the discharge tip is 
received within the smooth internal generally cylindri- 
cal surface 56 of the inlet port in sealed relation and the 20 
plunger 64 is depressed, forcing air through the dis- 
charge tip of the syringe and increasing the pressure in 
the reservoir 36. This creates a pressure drop across the 
ion exchange cellulose particles 28 and reduces the time 
required for chromatographic separation to about ten 25 
seconds. Where a second eluting solution is utilized, the 
procedure is repeated, including introducing the second 
eluting solution into the reservoir 36 and inserting the 
discharge tip 62 of the microsyringe into the inlet port 
54 of the end cap and depressing the plunger 64 of the 30 
microsyringe to create a pressure drop across the ion 
exchange cellulose particles 28. 

The following Examples illustrate the time savings 
using the microsyringe assisted chromatographic test of 
this invention, wherein a pressure column created by 35 
the microsyringe is compared to a conventional gravity 
column of the improved type referred to hereinabove. 
It will be noted that the total elution time in each of the 
Examples is twenty seconds, compared to a total elution 
time for the gravity column of twenty minutes. For 40 
example, the time savings of a microsyringe assisted 
chromatographic test for hemoglobin Ai c will allow a 
doctor to evaluate the data during the patient's orifice 
visit, rather than at a later time. This could be very 
important in adjusting the patient's blood sugar level. 45 

EXAMPLE 1 



Data Section 



GLYCOSYLATED VALUES 
Pressure (Microsyringe) Column Control (Gravity) Column 



Col. #1-6.3 


Col. #1-6.3 


Col. #2-5.8 


Col. #2-6.5 


Col. #3-6 J 


Col. #3-6.5 


Col. #4-6.1 




Col. #5-5.9 




Col. #6-6.1 




Mean • 6.1 


Mean • 6.4 


Standard Deviation • .20 


Standard Deviation - .12 


Coefficient of Variation • 3.4% 


Coefficient of Variation - 1.8% 


Elution Time: 2 times 


Elution Time: 2 times 


10 seconds ~ 20 seconds 


10 minutes = 20 minutes 



EXAMPLE 3 
Data Section 



GLYCOSYLATED VALUES 
Pressure (Microsyringe) Column Control (Gravity) Column 



Col. #1-8.4 
Col. #2-8.0 
Col. #3-7.9 
Col. #4-8.1 
Col. #5-8.1 
Col. #6-7.5 
Col. #7-7.7 
Col. #8-7.5 
Mean - 7.9 

Standard Deviation - .32 
Cocfncient of Varation • 4.0% 
Elution Time: 2 times 
10 seconds = 20 seconds 



Col. #1-7.9 
Col. #2-8.0 
Col. #3-8.4 



Mean- 8.1 

Standard Deviation - .26 
Coefficient of Varation - 3.3 
Elution Time: 2 times 
10 minutes = 20 minutes 



The "glycosylated values" listed for each chromato- 
graphic column tested in each of the above Examples 
are the percentages of glycosylated hemoglobin of the 
total hemoglobins. The method is briefly described 
hereinabove and described in more detail in the publica- 
tions of the assignee and the above referenced U.S. 
patents. The determination is made using a standard 
laboratory spectrophotometer. The following formula 
was used to calculate the percentage of glycosylated 
hemoglobin for each column, using the method de- 
scribed above: 



Established Range: 6.0-8.0 
Mean Value: 7.0 

Data Section 



Optical Density of the Fast Fraction Column 
5 (Optical Density of Total Fraction Column) 



50 



100 — percentage glycosylated 
hemoglobin 



GLYCOSYLATED VALUES 



Col. #1-6.5 


Col. #1-7.2 


Col. #2-7.0 


Col. #2-7.3 


Col. #3-6.8 


Col. #3-6.7 


Col. #4-6.9 




Col. #5-6.7 




Mean - 6.8 


Mean • 7.0 


Standard Deviation - .19 


Standard Deviation * .32 


Coefficient of Variation - 2.8% 


Coefficient of Variation - 4.5% 


Elution Time: 2 times 


Elution Time: 2 times 


10 seconds - 20 seconds 


10 minutes = 20 minutes 



EXAMPLE 2 



Established Range: 5.2-7.2 
Mean Value: 6.2 



The optical density or absorbance of the contents of the 
fast fraction column, which is eluted with the first elut- 

55 ing solution and the total fraction collected with the 
second eluting solution was measured at a wave length 
of 41 5 nanometers. The dilution factor of 5 in the formu- 
lation is based upon the difference in volume between 
the total fraction of 15 milliliters and 3 milliliters of the 

60 fast fraction. More information regarding the method of 
calculation may be obtained from the published litera- 
ture of the Assignee regarding the present gravity mi- 
crochromatographic method used for quantitation of 
glycosylated hemoglobin. 

65 As described above and established in the above Ex- 
amples, the method of this invention substantially re- 
duces the time required for chromatographic separation 
and quantitation of various solutions utilizing an ionic 
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microchromatographic column and method. The Ex- 
amples establish that the method of this invention is as 
accurate as the conventional gravity separation, how- 
ever the time is reduced from twenty minutes to twenty 
seconds. This is a very important improvement in chro- 
matographic separation, particularly for patient clinical 
evaluations, where time may be of the essence. It will be 
understood that various modifications may be made to 
the microchromatographic column of this invention 
which has been adapted for use with a conventional 
microsyringe, which substantially reduces the cost of 
the apparatus and method of this invention. 
I claim; 

1. A liquid microchromatographic column having a 
tubular barrel portion terminating in a reduced diameter 
discharge tip, a tubular reservoir portion discharging 
into said barrel portion having an open end for receiv- 
ing the liquid solution to be separated, said barrel por- 
tion containing finely divided ion exchange particles for 
separating the fluid solution received in said reservoir 
portion, and a cap received on said reservoir portion 
open end in sealed relation, said cap having an end 
portion including an integral generally cylindrical por- 
tion extending through said cap end portion on opposite 
sides of said end portion having an inlet port extending 25 
therethrough discharging into said reservoir portion, 
said inlet port having an elongated conical smooth in- 
ternal surface closely receiving the cylindrical dis- 
charge tip of a hand operated pressure means in sealed 
relation for increasing the pressure in said reservoir and 
forming a pressure drop across said ion exchange parti- 
cles, thereby reducing the time required for chromato- 
graphic separation. 

2. The liquid microchromatographic column defined 
in claim 1, characterized in that said cap is cup-shaped 
having an internally threaded lip portion, threadably 
received on said open end of said tubular reservoir 
portion, said cap including a sealing means sealing the 
communication between said inlet port of said cap and 
said reservoir portion of said column. 

3. The liquid microchromatographic column defined 
in claim 1, characterized in that said cap is cup-shaped 
having an open end received over said reservoir open 
end and said sealing means comprising a sealing disc 
located between said reservoir open end and said, end 45 
portion of said cap. 

4. A liquid microchromatographic column having a 
tubular barrel portion terminating in a reduced diameter 
discharge tip, a tubular reservoir portion discharging 
into said barrel portion having an open end for receiv- 
ing the fluid solution to be separated, said barrel portion 
containing finely divided ion exchange particles sup- 
ported on a filter disc, said particles separating the fluid 
solution received in said reservoir portion, and a cap 
received on said reservoir portion open end in sealed 
relation, said cap being cup-shaped having an end por- 
tion and an internally threaded lip portion threadably 
received on said reservoir portion open end, and said 
cap end portion having an integral generally cylindrical 
portion extending through said cap end portion on op- 60 
posite sides of said end portion having an inlet port 
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extending through said cylindrical portion communicat- 
ing with said reservoir portion, said inlet port having an 
elongated smooth generally cylindrical internal surface 
receiving the cylindrical discharge tip of a microsyringe 
in sealed relation for increasing the pressure in said 
reservoir and forming a pressure drop across said ion 
exchange particles and forcing fluid through said ion 
exchange particles, thereby reducing the time required 
for chromatographic separation. 

5. The liquid microchromatographic column defined 
in claim 4, characterized in that said cap includes a 
sealing disc located between said cap end portion and 
said open end of said tubular reservoir portion. 

6. A methodl of separating fluid solutions in a chro- 
matographic column, said column having an open end 
for receiving the fluid solution, finely divided ion ex- 
change particles supported in said column for separat- 
ing the fluid solution and a cap received on said column 
open end in sealed relation having an elongated smooth, 
generally cylindrical inlet port, said method compris- 
ing: 

a. introducing the fluid solution to be separated and 
an elutant into said column, through said open end, 
and 

b. inserting the discharge tip of a hand operated pres- 
sure means into said cap inlet port in sealed relation 
and creating a pressure drop across said ion ex- 
change particles by compressing said hand oper- 
ated pressure means to force said eluent through 
said ion exchange particles, thereby reducing the 
time required for chromatographic separation. 

7. The method of claim 6, wherein said pressure 
means is a syringe having a plunger, including depress- 
ing said plunger to create said pressure drop. 

8. A method of separating a fluid solution in a micro- 
chromatographic column, said column having a tubular 
reservoir having an open end for receiving the solution 
to be separated, said reservoir discharging into a barrel 
portion of said column having finely divided ion ex- 
change particles supported therein, and a cap closing 
said reservoir end portion in sealed relation, said cap 
having an inlet port communicating with said reservoir, 
the chromatographic method of separation comprising: 

a. introducing the fluid solution to be separated and a 
first elutant into said reservoir, through said open 
end, 

b. inserting the discharge tip of a microsyringe having 
a plunger into said cap inlet port in sealed relation 
with said inlet port and depressing said plunger to 
increase the pressure in said reservoir and create a 
pressure drop across said ion exchange particles, 
and 

c. introducing a second fluid elutant into said reser- 
voir, through said open end and inserting the dis- 
charge tip of said microsyringe into said cap inlet 
port and depressing said syringe plunger to create a 
pressure drop across said ion exchange particles to 
force said elutant through said ion exchange parti- 
cles. 
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(57) ABSTRACT 

Method for loading a column with a packing material by 
inserting one end of a column to be packed into a slurry of 
a packing material in a volatile solvent, allowing said slurry 
to be drawn into said end of said column by capillary action, 
withdrawing said end from said slurry, and removing said 
volatile solvent firom the slurry that has been drawn into said 
end of said column, through the same end of the column at 
which the slurry entered, and sinteriing. 

13 Claims, 5 Drawing Sheets 
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1 2 

EVAPORATIVE PACKING A CAPILLARY column, and it is particularly preferable that the solvent be 

COLUMNS removed through only the same end through which it entered 

the column, by evaporation. 

This application is a division of Ser. No. 09/087,202, Finally, after the solvent has been removed from the slurry 

filed May 29, 1998, now U.S. Pat. No. 5,997,746. 5 that has been drawn into the column, leaving only the 

packing material that was in the slurry, a portion of the 

BACKGROUND OF THE INVENTION packing at the end of the mhima is optionally sintered. 

Tnis invention pertains to a novel method of packing nPSPRTPTlON r>F THF DRAWINGS 

capillary columns. More particularly, the invention pertains iq BRIEF DESCRIPTION OF THE DRAWING 

to a method of packing capillary columns by drawing a FIG. lis a cross sectional view of a capillary column 1 the 

slurry of packing material into a capillary column through end of wnicn ^ inserted into a supply of slurry 2, which has 

capillary action, and then removing solvent from the slurry been drawn into the capillary column, 

through one end of the column. FIG. 2 is a cross sectional view of the capillary column of 

There are a variety of methods currently in use for 1S FIG. 1 after evaporation of a part of the solvent from slurry 

packing capillary columns, such as those columns used in 2 through the same end of the column through which the 

the fields of chromatography and electrospray ionization shirry originally entered the column, 

mass spectrometry (ESI-MS) Tlie most popular methods in nG 3 ^ a cross sec(ional yUw of me iu CQlumn of 

current use are the so-called "slurry packing* methods. nG 2 aftef evaporation has laken p i ace . 

U.S. Pat. No. 5,679 255 discloses a method whereby a 20 FIG 4 is a aoss seclional yiew of the m column of 

retaining ^material, such as a ceramic frit which wiH allow pjQ 3j after c^pUte evaporation of the solvent has taken 

solvent, but not packing material, to pass is placed in one «i ace 

end of the column. A slurry of polymeric packing material „ ' _ . , - , , - 

in an organic solvent, such as THF, is then pumped through . FIG ; ? * a Photograph of the end of a capillary column 

the column, from the end opposite that having the retaining 25 ^ which a slurry of packing material has been drawn by 

frit. The packing material thereby accumulates in the capillary action. 

column, while the liquid portion of the slurry passes out FIG. 6. is a photograph of the capillary column of FIG. 5, 

through the frit. This method has certain disadvantages, after partial evaporation of the solvent in the slurry has taken 

however. The capillary tubing used must be capable of place, out of the end of the column. 

withstanding the pressure generated by the pumping of the 30 FIG. 7 is a photograph of the capillary column of FIG. 6, 

slurry into the tube, and necessary equipment, such as a after further evaporation has taken place. 

pump and solvent recovery system must be provided. FIG g is a cross sectional view of a vessel 3 having a 

High packing pressure may also cause deterioration of or conical bottom 4 with a hole 5 into which capillary 1 has 

damage to the packing material. been inserted whereby slurry 2 is drawn into column 1 by 

U.S. Pat. No. 4,483,773 discloses a method wherein an 35 capillary action, 
end restriction is first placed in a column, to permit the flow 

of solvent, but restrict the passage of particles out of the end DETAILED DESCRIPTION 

of the column. A slurry is then caused to flow into the ^ sl used k accordance ^th thQ invention is a 

column, under pressure. A two-step pressure sequence is s , of a ^ materfal fa a voJatile Such 

then used to first fill up the column and form a bed of 40 slurries are prepared by mi^g a pack ing material with a 

particles and then to uniformly compress the bed. solvent 

This method is less than completely satisfactory, because ^ paddng maicriah may be particlcs of a variety 0 f 

special equipment is required to practice it. shapes such u sphcricaI> hemi-spberical, "irregular" 

There is therefore a need for a simple, direct method for 4S spheres, rods with aspect ratios of <5:1, fractured "chips" 

packing capillary columns, which does not rely on special (i.e., shapes associated with finely ground materials), pre- 

equipment for pumping or pressurizing slurries into the cipitated crystallites (tiny cubes, prisms, dodecahedral, etc.). 

columns. Spherical or nearly spherical shapes are preferred, however, 

™ T ^™™«., since such shapes allow for the most uniform and dense 

SUMMARY OF THE INVENTION jq packkg ^ p P acking ma , crials may be ^ hollow Qf 

It has now been discovered that a slurry of packing porous such as, for example, solid, hollow or porous 

material can be drawn up into a capillary column through spheres. 

capillary action and that when the solvent in the slurry is Preferred packing materials are ceramic, metallic or poly- 
evaporated out of the slurry through the same end of the meric. The ceramic materials which can be used include, for 
column through which the slurry entered, the packing that is 5s example, soda-lime glass, borosilicate glass, porous silica 
originally suspended in the slurry migrates towards the end (silica gel) and non-porous silica. The metals which can be 
of the column to become closely packed. use d include, for example, colloidal gold, colloidal silver, 
In accordance with the invention, there is therefore pro- nickel and stainless steel. The polymeric materials which 
vided a method for packing a capillary column which can be used include, for example, fluoropolymers, such as 
comprises forming a slurry of the packing material to be 60 polyvinylidene fluoride (PVDF), fluorinated ethylene pro- 
packed into the column, placing the slurry in a vessel, pylene (FEP); styrenics, such as polystyrene (PS) and 
inserting one end of a capillary column into said slurry in polystyrene/divinylbenzene copolymer (PS/DVB); polyole- 
said vessel or reservoir, drawing slurry into said column by fins such as high density linear polyethylene (HDPE), low- 
capillary action and removing the solvent from the slurry density linear polyethylene (LDPE) and polypropylene; 
that has been drawn into the column through the same end 65 polyketones, such as polyetheretherketone (PEEK); acrylics, 
through which it entered the column. Preferably, the solvent such as polymethylmethacrylate (PMMA) and vinyls, such 
is removed only from the end through which it entered the as divinylbenzene (DVB). Particularly preferred materials 
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are borosilicate glass, silica (both porous silica and non- 
porous silica) and PS/DVB copolymer. 

The particles which are used should have dimensions, i.e., 
, diameters in the case of spheres, which are smaller than the 
smallest internal dimension of the column to be used, if the 
column has an internal shape other than round, or smaller 
than the internal diameter if the column, if the column to be 
used has a round internal shape, and should have maximum 
dimensions, or diameters if spherical, of about % the small- 
est internal dimension or diameter of the columns used. Ia 
general, the largest dimensions of non-spherical particles, or 
the diameters of the spherical particles used, range from 
about 0.1 fan to about 1 mm, although a range of 0.25 /im 
to about 250 fim is preferred; a range of 0.5 to 30 /«n being 
particularly preferred, a range of 1 to 5 //m being especially 
preferred, and a range of 2 to 4 fitn being very especially 
preferred. 

Tliere are many solvents known to the art which can be 
used to form the slurry. Preferred solvents are methanol, 
acetone and tetrahydrdrofuran (THF), although almost any 
volatile solvent can be used. The solvent selected should, of 
course, be one that will not dissolve, swell or otherwise harm 
the packing material selected, although it should "wet" the 
surface of the packing material. 

The capillary tubes which are used for the columns are 
those known to the art, and can, for example, be those which 
are generally classified as ceramics, such as borosilicate 
glass, fused-silica, polyimide coated fused-silica and alumi- 
num coated fused-silica; metallic, such as stainless steel, 
glass lined stainless steel or silica lined stainless steel; or 
they can be of polymeric materials. The polymeric material 
which can be used include fluoropolymers, such as ethylene 
tetrafluoroethylene (ETFE), fluorinated ethylene propylene 
(FEP) and polytetrafluoroethylene(PTFE); polyolefins, such 
as high density linear polyethylene (HDPE), low-density 
linear polyethylene (LDPE) and polypropylene; 
polyketones, such as polyetheretherketone (PEEK) and 
silica-lined PEEK; acrylics, such as polymethylmethacrylate 
(PMMA), polyamides, such as nylon 6, nylon 11 and nylon 
12; and polyimide., Preferred capillary tubing for use as 
capillary columns in accordance with the invention are those 
of polyamide-coated fused silica, stainless steel, PEEK and 
HDPE, although polyimide -coated fused silica is especially 
preferred. 

The internal or external shapes of capillary columns used 
in the practice of this invention can take on a variety of 
regular geometric shapes, such as round, oval, square, 
rectangular, polygonal, such as pentagonal, hexagonal, and 
the like; or can take on irregular shapes. The term "internal 
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used as chromatography columns, or they can be tapered at 
one end, so that the internal diameter tapers to a narrow tip 
or needle, such as those columns used for electrospray 
ionization mass spectrometry (ESI-MS). The columns hav- 
ing tapered ends are also referred to in the art as needles. 
FIGS. 1-7 illustrate the ends, or tips, of the tapered -end 
columns, also referred to as needles. Where such tapered- 
end columns are used, the end or tip of the column, also 
referred to as the end of the needle, which is the end of the 
column where the packing is to be loaded, has an internal 
diameter ranging from about 1 /*m to about 100 /«n, pref- 
erably from 5 to 30 /mi, particularly preferably 10 to 20 /mi, 
especially preferred is a diameter of 15 jum. The length of the 
tapered portion, meaning the length of column over which 
the diameter tapers from the internal diameter of the unta- 
pered portion of the column to the internal diameter of the 
tip ranges from about 0. 1 to 10 mm, preferably from 0.25 to 
3 mm, especially preferably from 0.5 to 1.5 mm. 

The length of the columns to be used will vary with the 
contemplated application, as well as the amount of addi- 
tional packing, if any, which is to be used in combination 
with the packing of the present invention. That is to say, the 
packing of the present invention can be used alone, or in 
combination with other packings which can be added to the 
column before or after the present packing. Packed columns 
with lengths of 19 meters or more are known (U.S. Pat. No. 
4,793,920), and such columns can be used in the practice of 
this invention, for which the length of the column used is not 
limited. As will be understood by those skilled in the art, 
however, the amount of packing that can be packed into a 
column using the method of this invention is limited by the 
capillarity between the slurry of packing material and the 
capillary column, which results in a specific theoretical 
maximum capillary height for each combination of slurry 
composition and capillary column composition, at given 
ambient conditions. The maximum capillary height for any 
particular application can easily be determined by simply 
inserting one end of the capillary column into the slurry, and 
observing how high into the column the slurry is drawn. 

The slurry can be prepared by conventional methods, 
known to those skilled in the art. One such method is simple 
mixing, wherein a solvent is introduced into a vessel, such 
as a vial, beaker or a flask, together with the packing 
material, and the contents are then stirred. The capillary tube 
can then be inserted into the thus prepared slurry in the vial, 
beaker or flask, whereupon the slurry is drawn into the 
capillary tube by capillary action. The slurries according to 
the invention are formed with about 0.002 to 8 grams of 
packing per ml of solvent, preferably 0.03 to 5 grams of 



shape" of the capillary columns, as used herein, has the same 50 packing per ml of solvent, particularly preferably 0.2 to 1 

meaning as the "bore" of a capillary column. Particularly gram packing per ml of solvent. 

preferred are those columns having a round internal shape or Alternatively, the slurry can be transferred from the vessel 

b° re - in which it was prepared into another vessel, such as a vessel 

The columns used in the practice of the invention, having having a conical bottom with a hole at the apex of the conical 

round internal shapes or bores, have inside diameters in the 55 bottom, such as is shown in FIG. 8. One such vessel which 

range of from about 1 /im to about 2 mm, preferably 5 to 250 can be used in accordance with the invention, is a common 

//m and particularly preferably 20 to 100 //m. Where col- polyethylene pipette tip. In yet another embodiment of the 

umns having internal shapes other than round are used, their invention, a vessel having a conical tip with a hole in the 

internal cross-sectional areas should be in the same range as apex of the cone and a septum in the hole can be used. When 

that of a column having a round internal shape with a 60 using such vessels, the capillary tube is inserted into the 



diameter in the range of from about 1 /<m to about 2 mm, 
preferably that of a column having a round internal shape 
with a diameter 5 to 250 /an and particularly preferably that 
of a column having a round internal shape with a diameter 
20 to 100 /ma 

The columns can be of uniform internal dimensions or 
diameter over their entire length, such as those typically 



slurry through the hole or, if the hole in the vessel is 
equipped with a septum, through the septum. 

The time required to draw the slurry into the capillary tube 
by capillary action varies, depending upon a variety of 
65 factors, such as the dimensions of the packing material, i.e., 
the diameter of the spherical packing material, as well as the 
density of the slurry and the inside diameter of the capillary 
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tube. In general, however, the slurry will be drawn into the 
capillary virtually instantly upon insertion of the tube into 
the slurry. Depending upon the extent to which it is desired 
to fill the capillary tube with packing, more or less time will 
be required. If it is desired to pack only the tip of the 
capillary tube, to form a frit, for example, the desired 
amount of packing can be drawn in less than one second. If, 
on the other hand, it is desired to fill the column to the 
maximum achievable extent, known as the "full capillary 
height", several hours may be required. In general, however, 
the desired amount of slurry can be drawn into the capillary 
tube in from about 0.1 second to about 2 hours, although in 
most cases it will require only from about 0.1 second to 
about 30 minutes. The time required will, of course, vary 
depending upon the particular nature of the slurry and that 
of the capillary tube, as well as the conditions at which the 
filling is being conducted, such as temperature and pressure. 
Although it is possible to conduct the filling operation at 
elevated temperature and either elevated or reduced 
pressure, satisfactory results are generally obtained at ambi- 
ent temperature and pressure. 

Where no septum is used, the hole in the conical bottom 
of the aforedescribed vessel should be of such a size that the 
surface tension of the solvent in the slurry will prevent 
passage of slurry through the hole. Such holes will range in 
size from a diameter of about 0.1 mm to about 3 mm, 
preferably about 03 mm to about 1 mm. 

A particular advantage of using such conical bottomed 
vessels is that the slurry, once placed in said vessel, can be 
allowed to settle, thereby forming a higher concentration of 
packing per ml of solvent in the bottom of the vessel, and the 
slurry that is drawn into the capillary tube from the vessel 
will thus have a higher concentration of packing than the 
original slurry. 

A further advantage of using a conical bottomed vessel is 
that, as the slurry settles out in the conical bottom, a 
concentration gradient is formed, whereby the concentration 
of particles in the solvent gradually increases from the top of 
the vessel to the bottom. The density of the slurry that is 
drawn into a capillary tube inserted into the hole at the apex 
of the cone in the conical bottom of the vessel can then be 
controlled by varying how far the tube sticks up into the 
vessel. The closer the end of the capillary tube is to the 
bottom of the cone, the higher the density of the slurry drawn 
into the capillary tube will be. 

In a particularly preferred embodiment, the slurry com- 
prises glass microspheres as packing material in methanol as 
solvent, at concentration of about 0.2 grams of microspheres 
per ml of methanol. 

In a particularly preferred embodiment of the invention, 
the packing material in the column is sintered, after the 
solvent has been removed. The packing is sintered by 
applying energy to it. This is done by heating the packing 
material with a heat source, such as hot air, by laser 
radiation, microwave heating or a combination of such 
heating means. The amount of heat applied is controlled to 
be sufficient to sinter the packing material, while avoiding 
melting it. A sufficient amount of heat must be applied so as 
to cause the packing material to soften. (For glass, silica or 
polymeric materials, the glass transition temperature must 
be reached.) Heating time and temperature must be sufficient 
to cause the particles to fuse together, but not so long or so 
hot as to eliminate all of the inter-particle spacing and voids. 
Complete melting of the packing material is, of course, to be 
avoided. 

In the practice of this invention, the slurry is drawn into 
the capillary column, as described above, through capillary 
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action. Then, the solvent that is in the slurry that has been 
drawn into the column is removed from the slurry through 
the same end of the column through which the slurry entered 
the column. Preferably, the solvent is removed from the 
slurry by evaporation. In conducting the evaporation of the 
solvent, the column can be allowed to stand in ambient air, 
as, for example may exist in a fume hood, or by passing a 
stream of a gas, such as air or nitrogen, over the tip of the 
end, to accelerate evaporation. The rate of evaporation can 
be controlled by such factors as the rate of gas which is 
passed over the tip of the end of the column, as well as the 
ambient temperature and the temperature of the gas that is 
passed over the tip of the end of the column. 

Alternatively, the solvent can be removed through the end 
of the column by other means, such as "blotting", by holding 
an absorbent material, such as a filter paper or membrane, 
over the end of he column to contact and draw solvent out 
of the column. 

In one embodiment of the method of the invention, a 
slurry that is close to the theoretical maximum density of 
particles suspended in a unit volume of solvent is used. In 
such a case, the dense slurry, when drawn into the end of the 
capillary tube, will remain tightly localized near the end of 
the capillary tube anp^when the solvent is evaporated, the! 
meniscus packs tli^^urry\nto a tight slug of material. | 

In yet another emEoTmiient, the capillary tube is pre-filled 
with solvent, and then a portion of the solvent is permitted 
to evaporate, leaving an air gap at the end of the column. The 
end with the air gap is then inserted into the slurry, whereby 
the amount of slurry that is drawn into the column is limited 
by the air gap between the entering slurry and the pre-filled 
solvent. Then, the solvent, including both the pre-filled 
solvent and the solvent of the slurry is evaporated. As the 
solvent evaporates, the meniscus movement packs the pack- 
ing material into a tight porous plug at the end of the tube. 

Referring now to the drawings, FIG. 1 shows the end tip 
of a tapered-end capillary column 1, also referred to as a 
needle, of the present invention. As shown, the capillary tube 
is inserted into a reservoir of slurry 2, comprising packing 
spheres 6 dispersed in a solvent, and the slurry has been 
drawn into the tube by capillary action. 

FIG. 2 shows the capillary tube end-tip of FIG. 1, after 
partial evaporation of the solvent out of the end-tip. As is 
illustrated, the meniscus of the surface of the slurry inside 
the column and furthest removed from the end tip of the 
column has moved towards the end tip, as solvent is evapo- 
rated from the end tip. As also illustrated, and this is an 
important feature of the present invention, the meniscus, as 
it moves towards the end -tip, brings with it a concentration 
of the packing material, so that as the solvent is evaporated 
from the end-tip, the slurry concentrates itself towards the 
end-tip. This is entirely surprising, as the packing material 
would have been expected to "precipitate out" of the solvent, 
and be left behind in a dry state, as the volume of solvent 
shrinks towards the end tip. It was not to be expected that the 
moving meniscus would actually carry the packing material 
towards the end-tip, thereby concentrating the packing mate- 
rial in the direction of the end tip. It has now been discovered 
that as the liquid solvent evaporates, the meniscus traveling 
towards the end of the tube collects and gently forces the 
packing material towards the end of the tube. The surface 
tension of the liquid/air (or liquid/nitrogen) interface at the 
end of the tube is sufficient to hold the packing material in 
place in the slurry against this gentle moving force. The tube\ 
may optionally be vibrated and/or slowly rotated on its axis | 
during the evaporation process to promote dense packing of I 
the packing material. —J 
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FIG. 5 is an actual photograph of a capillary tube such as 
that illustrated in FIG. 2. 

FIG. 3 illustrates the column of FIG. 2 after further 
evaporation has taken place, whereby the concentration of 
the packing material has been further increased and moved 
closer to the end-tip, 

FIG. 6 is an actual photograph of a capillary tube such as 
that illustrated in FIG. 3. 

FIG. 4 illustrates the column of FIG. 3 after all of the 
solvent has been evaporated. The packing material illus- 
trated in FIG. 4, with the solvent removed, is ready for 
sintering. 

FIG. 7 is an actual photograph of a capillary tube such as 
that illustrated in FIG. 4. 

The method of the present invention can be better under- 
stood by reference to the following example, but is not 
limited thereby. 

EXAMPLE 1 

A 10 cm long piece of 360 jum outside diameter (OD), 75 
^m inside diameter (ID) polyimide coated fused silica tubing 
(Polymicro Technologies, Phoenix, Ariz.) was mounted in a 
commercial laser-heated micropipette puller (Sutter 
Instruments, Novato, Calif.) and drawn down into two sharp 
needles so that the internal diameter at the needle end was 
reduced to 15 ^m. 

A slurry of 5 fm\ diameter solid glass microspheres was 
prepared by mixing 0.1 gram of the spheres with 0.5 
milliliters of 100% methanol in a small (1 ml) glass vial. The 
mixture was stirred thoroughly for 5 minutes, ultrasonicated 
for 5 minutes, and then allowed to settle for 2 hours. After 
removing the excess solvent above the slurry, which had 
settled to the bottom of the vial, approximately 10 ^1 of 
slurry was transferred to a polyethylene vessel (a commer- 
cial polyethylene pipette tip) possessing a conical bottom 
having a 0.5 mm hole at it's apex. The slurry was again 
allowed to settle for approximately 5 minutes, while holding 
the pipette tip in the vertical position. 

Both the slurry-containing vessel and the silica needle 
were mounted horizontally on the stage of a standard light 
microscope and viewed at 100-x magnification. The micro- 
scope stage had an additional translation stage that allowed 
the silica needle to be moved into the hole of the pipette tip. 
By moving the tip into brief contact (-0.5 seconds), with the 
slurry through the hole, approximately 75-100 microspheres 
were transferred into the silica needle. 

The needle was allowed to rest on the stage of the 
microscope for 5 minutes while the methanol completely 
evaporated from the tip of the needle. During this time, the 
silica was packed into place by the movement of the 
meniscus. 

The needle was transferred to a device holding a platinum 
foil heating element with a 3 mm "trough" filament, 3 mm 
wide (Sutter Instruments filament number FT330B). The 
end of the needle containing the packed spheres was cen- 
tered in the filament. The filament was energized for 12 
seconds with a heat output of 20.1 watts, to sinter the 
microspheres. 

EXAMPLE 2 

The procedure of Example 1 was repeated, except that a 
needle fabricated from 50 ID fused silica tubing pulled 
down to an 8 jum ID tip was used. Approximately 25-50 
spheres were transferred into the end of the silica needle. For 
sintering, the heat output of the filament device was reduced 
to 19.4 watts. 
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EXAMPLE 3 

The procedure of Example 1 was repeated, but a 10 cm 
piece of 50 fim ID, 360 pirn OD polyimide coated, fused 
silica tubing was cut with a clean square end-face. The slurry 
was prepared as in Example 1, but 10 /*m highly porous 
spheres of poly(styrene-divinylbenzene(Poros®, Perspec- 
tive Biosystems 10-R2) were substituted for the glass micro- 
spheres. The column was loaded as described in Example 1 . 
The packing was sintered in the same apparatus to form a 
10 frit, but the heating conditions were 3 seconds at 6.3 watts 

EXAMPLE 4 

A25-cm length of 75 ^m ID tubing was cleaved to have 

i5 a flat end-face. 

A slurry was prepared as in Example 1. After settling, 100 
//I of slurry was transferred to a polyethylene pipette tip. The 
tip was held in the vertical position and the slurry allowed 
to settle for 15 minutes. Settling time was monitored with a 

20 light microscope to ensure that >95% of the material had 
settled out to the bottom of the tip. 

While left in the vertical position, the silica capillary tube 
was inserted approximately 50 /on into the hole at the 
bottom of the pipette tip. The dense (nearly opaque) slurry 

25 filled the silica tube by capillary action. The tube was left in 
contact with the slurry until 15 cm of the tube was filled. 

Upon removal, the end of the silica tube was brought into 
contact with a Nylon filter pad (Milipore Corp.), and 
mounted horizontally on the stage of a light microscope. The 

30 movement of the meniscus and packing of the column was 
monitored for approximately 45 minutes. When evaporation 
appeared to be complete, the Nylon filter paper was removed 
and packing material at the end of the tube was sintered into 
a frit by heating in the heating device described in Example 

35 1, with a filament output of 25 watts for 12 seconds. 

EXAMPLE 5 

The procedure of Example 4 was repeated, except that the 
filling was accomplished with the tube in the horizontal 
40 position. A column with 10 cm of packed material was 
thereby fabricated. 

The invention and its advantages are readily understood 
from the foregoing description. It is apparent that various 
changes can be made in the process without departing from 
45 the spirit and scope of the invention. The process as herein 
presented, is merely illustrative of preferred embodiments of 
the invention, and not a limitation thereof. 
I claim: 

1. A method for loading a column with a packing material 
50 which comprises forming a slurry of a packing material in a 

volatile solvent, inserting one end of a column to be packed 
into said slurry, allowing said slurry to be drawn into said 
end of said column by capillary action, withdrawing said end 
from said slurry, and removing said volatile solvent from the 
55 slurry that has been drawn into said end of said column, 
through the same end of the column at which the slurry 
entered. 

2. The method of claim 1, wherein said solvent is removed 
from said slurry that has been drawn into said end of said 

60 column, by evaporation. 

3. The method of claim 1, wherein said solvent is removed 
from said slurry that has been drawn into said end of said 
column, by absorption onto an absorbent. 

4. The method of claim 1, wherein said absorbent is filter 
65 paper or membrane. 

5. The method of claim 1, wherein said packing material 
is a sinterable packing material and wherein, after said 



01/02/2002, EAST Version: 1.02.0008 



us 6,r 

9 

solvent has been removed, energy is applied to said sinter- 
able packing to sinter it. 

6. The method of claim 5, wherein said energy is in the 
form of heat, a laser beam or microwave radiation. 

7. The method of claim 5, wherein said sinterable material 
is glass, silica, metal or polymer. 

8. The method of claim 7, wherein said sinterable material 
is glass, in the form of spheres having a diameter of from 
about 0.25 /an to about 250 /an. 

9. The method of claim 7, wherein said sinterable material 
is silica, in the form of spheres having a diameter of from 
about 0.25 /an to about 250 /on. 
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10. The method of claim 1, wherein said column is a 
hollow capillary tube of fused silica, having an inside 
diameter of from about 1 ftm to about 2 mm. 

11. The method of claim 10, wherein said inside diameter 
5 is from about 5 ptm to about 250 /an. 

12. The method of claim 1, wherein said end of said 
capillary tube is tapered. 

13. The method of claim 12, wherein said capillary tube 
has an internal diameter of from about 20 fxm to about 100 
jum t and said tapered end is tapered to a tip having an internal 
diameter of from about 2 /mi to about 30 /*m. 

* * * * * 



01/02/2002, EAST Version: 1.02.0008 



ft 



United States Patent m 

Sanford et al. 



US005589063A 
[li] Patent Number: 
[45] Date of Patent: 



5,589,063 
Dec 31, 1996 



[54] COLUMN ANALYZER SYSTEM AND 

IMPROVED CHROMATOGRAPH COLUMN 
FOR USE IN THE SYSTEM 

[75] Inventors: James R. M. Sanford, VIdor; Patrick 
M. Frank, Beaumont; Joseph EL 
Golias, Beaumont; William C 
Jennings, Beaumont, all of Tex. 

[73] Assignee: Helena Laboratories Corporation, 
Beaumont, Tex. 

[21] Appl. No.: 470,991 
[22] Filed: Jim. 6, 1995 

Related ILS. Application Data 

[62] Division of Ser. No. 285,014. Sep. 16. 1994, Pat No. 
5,441,645, which is a division of Ser. No. 58,364, May 10, 
1993, Pat No. 5,358,641, which is a division of Ser. No. 
779,186, Oct 22, 1991, Pat No. 5,228,988, which is a 
continuation-in-part of Ser. No. 733,714, Jul 22, 1991, 
abandoned, which is a continuation-in-part of Ser. No. 
708,298, May 31, 1991, Pal No. 5,207,918, which is a 
division of Ser. No. 427.346, Oct. 27, 1989, Pat No. 
5,045,208. 

[51] Int Q. 6 ... „ B01D 15/08 

[52] U.S. CL .... 210/198.2; 210/656; 422/70; 

436/161; 4367809; 73/61.53; 73/61.55; 

73/61.56 

[58] Field of Search 210/198.2, 656; 

422/70; 4367161, 809; 55/386; 73/61.52, 
61.53, 61.55, 61.56 

[56] References Cited 

U.S. PATENT DOCUMENTS 



3,508,880 


4/1970 


Hrdina . 


3.518.874 


7/1970 


Hrdina . 


3,583,230 


671971 


Patterson . 


3,692,486 


9/1972 


Glenn . 


3/718,439 


2/1973 


Rosse et al. . 


3,922^23 


11/1975 


Burkhartsineier 


3,925,207 


12/1975 


Scriba . 


3,926,809 


12/1975 


Jones . 


3,954,617 


5/1976 


Ishimatsu . 


3,994,594 


11/1976 


Sandrock et al. 



4,043,678 
4,079,009 
4,151.254 
4,237,096 
4,319,841 
4,341,635 
4,391,780 
4.604,198 
4,664,274 
4,766,082 
5,045,208 



8/1977 
3/1978 
4/1979 
12/1980 
3/1982 
7/1982 
7/1982 
8/1986 
5/1987 
8/1988 
9/1991 



Farrell et al. , 
Seiler et al. . 
Gimovsky . 
Popoff et al. . 
Suovaniemi et al. 
Golias . 
Boris . 

Dailey et al. . 
Konrad . 
D'Autry . 
Sanford et al. . 



FOREIGN PATENT DOCUMENTS 

033012 8/1981 European Pat. Off. . 
114686 9/1982 European Pat Off. . 

(List continued on next page.) 

Primary Examiner— Neil McCarthy 

Attorney, Agent, or Firm — Dorsey & Whitney LLP 



[57] 



ABSTRACT 



An analyzer system for automatic column chromatography 
includes chromatographic columns which are mounted in a 
rack. A drop removal mechanism system shakes the rack to 
transfer the last drop of eluate from the tip of a chromato- 
graphic column to a receptacle below the tip before the 
column is repositioned over another receptacle and another 
fluid or operation is introduced into the column. This pre- 
vents one eluate from contaniinating another. The chromato- 
graphic column may have an upper end which is sealed by 
a foil member. During use, the foil member is ruptured by 
lowering a pressure cylinder with a seal-punching head 
against it The pressure cylinder, which is part of the 
pressure tip unit, is then withdrawn so that fluid can be 
introduced into the column via the ruptured foil member. 
The pressure tip unit is then lowered into sealing engage- 
ment with the column so that pressure can be applied via a 
bore in the pressure cylinder. The column may also have a 
tip portion which is originally sealed by a removable cap. 
The rack has a plate with aperture that is configured to 
receive the tip portion of the column and to provide a 
bearing surface for a spring member which removes the cap. 
This spring member is lowered through the aperture, and the 
bearing surface forces it toward the tip portion so that the 
cap can be pushed off. 

24 Claims, 11 Drawing Sheets 
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COLUMN ANALYZER SYSTEM AND 
IMPROVED CHROMATO GRAPH COLUMN 
FOR USE IN THE SYSTEM 

This is a division of application Ser. No 08/285,0 1 4 filed 3 
Sep. 16, 1994, now U.S. PaL No. 5,491,645 which is a 
division of application Ser. No. 08/058364 filed May 10, 
1993; now U.S. Pat No. 5,358,641 which is a division of 
application Ser. No. 07/779,186, filed Oct 22, 1991, now 
U.S. Pat. No. 5,228,988; which is a Continuation-in-Part of W 
application Ser. No. 07/733,714, filed Jul. 22, 1991, now 
abandoned; which is a Continuation-in-Part of application 
Ser. No. 07/708,298, filed May 31, 1991, now U.S. Pat No. 
5,207,918; which is a division of application Ser. No. 
07/427,346, filed Oct. 27, 1989, now U.S. Pat No. 5,045, 15 
208. 

BACKGROUND OF THE INVENTION 

This invention relates to column chromatography and, 20 
more particularly, to an improved column analyzer system 
which provides for automatic column chromatography and 
automatic optical density processing. 

Column chromatography, using chromatographic media 
contained in small disposable columns (often called micro- 25 
chromatography), is a well-known technique utilized as part 
of clinical chemistry for analyzing various constituents of 
biological fluids, such-as blood. These media may be pre- 
pared from cellulose, agarose, silica, and various plastics, 
and typically utilize the presence of attached groups which 30 
are ionic (cation and anion), hydrophobia, or affinity specific 
in character. For example, Helena Laboratories Corporation, 
the assignee of the present invention, has marketed equip- 
ment and accessories for column chromatography as well as 
photometers or optical readers. Patent literature relating to 35 
column chromatography includes, for example, U.S. Pat 
No. 4,341,635, issued Jul. 27th, 1982 to Tipton Golias and 
assigned to Helena Laboratories Corporation (as well as the 
prior art cited therein), and there is commercially available 
equipment relative to automating one or more aspects of 40 
column chromatography. For example, at least one machine 
has been marketed prior to the present invention which 
automates the introduction of fluids into a chromatographic 
column, and the-collection of the eluates from the column. 
Such equipment also provides for the processing of a * 5 
plurality of chromatographic columns which are arranged in 
an array or matrix within the equipment 

The prior art, however, suffers from numerous disadvan- 
tages and shortcomings relative to the safe, accurate and 5Q 
expeditious chromatographic processing and subsequent 
optical density readings. 

For example, according to the prior art, the eluate solu- 
tions are collected in a series of cuvettes, one cuvette for 
each eluate solution or fraction. Thereafter, the cuvettes are 55 
sequentially processed in an optical reader. This technique is 
time consuming, permits errors in identification of the 
cuvettes and exposes the technician handling the cuvettes to 
biological hazards such as HIV virus which may be carried 
in the blood specimens. The equipment which automates the $o 
processing of columns has heretofore discharged the eluates 
into a series of test tubes, and then the technician or operator 
of the equipment must manually transfer the test tubes to a 
reader. 

While extremely high pressure liquid chromatography 65 
(HPLQ is well known, and while pressurized chromatog- 
raphy is known based upon the aforementioned Golias U.S. 



2 

Pat No. 4,341,635, we have discovered that a constant low 
pressure greatly enhances liquid chromatography. Prior to 
the present invention, however, constant low pressure liquid 
chromatography was not available. 

SUMMARY OF THE INVENTION 

Hie present invention overcomes the shortcomings of the 
prior art by providing a new and improved column analyzer 
system and method. 

The column analyzer system of the present invention 
provides for the automated processing of an array of chro- 
matographic columns, including the rupturing of foil seal 
members from the columns using pressure tip units with 
seal-punching heads and the removal of caps from the 
columns using spring members which are deflected by 
bearing edges provided by the racks in which the columns 
are mounted, without technician intervention solutions. 

The present invention further provides for automatically 
shaking loose the last drop of eluate from a column to avoid 
transferring it to the wrong receptacle. 

The present invention further provides for an improved 
chromatography column whose top end is sealed by a foil 
member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing objects and advantages of the present 
invention, together with other advantages which may be 
obtained by its use, will become more apparent by reading 
the following detailed description of the invention taken in 
conjunction with the drawings. 

In the drawings, wherein like reference numerals identify 
corresponding components: 

FIG. 1 is a perspective illustration of a chromatographic 
column; 

FIG. 2 is a perspective illustration, partially broken away, 
of a cuvette; 

FIG. 3 illustrates, in perspective view, a rack for support- 
ing a plurality of chromatographic columns; . 

FIG. 4 is a side view, partially in section, illustrating an 
embodiment of the apparatus for removing the caps from the 
chromatographic columns; 

FIG. 5. comprising FIGS. 5A, 5B and 5C, illustrates the 
cap removal means in FIG. 4 with elevation views of each 
end thereof and with an edge view thereof; 

FIGS. 6 and 7 illustrate the system for supplying constant, 
low pressure including a pressure regulator, 

FIG. 8 illustrates an embodiment of the pressure tip 
associate with a single chromatographic column in a first 
position disengaged from a column; 

FIG. 9 illustrates the pressure tip associated with a single 
column in the engaged position; 

FIG. 10 illustrates, in perspective view, the apparatus of 
the present invention; 

FIG. 11 illustrates, in perspective view, a tray for sup- 
porting the cuvettes; 

FIG. 12 illustrates a portion of the top of the column rack 
and a portion of the manifold system in a disengaged 
position as seen from the back of the apparatus; 

FIG. 13 illustrates the top of the column rack and a portion 
of the manifold system of FIG. 12 in an engaged position; 

FIG. 14 is a partial front illustration with the door of the 
apparatus removed; . 
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FIG. 15 is a diagrammatic illustration of the motor and 
linkage for positioning the manifold system in the disen- 
gaged or upper position; 

FIG. 16 is a diagrammatic illustration of the motor and 
linkage for positioning the manifold system in the engaged 5 
or lowered position; 

FIG. 17 illustrates, diagrammatically, the apparatus of the 
present invention including, in general terms, the location of 
various fluid supplies and the location of the optical density 
reader. 

FIG. 18 is a top view schematically illustrating the drop 
removal mechanism; 

FIG. 19 is a front view of the drop removal mechanism, 
and shows its cooperation with the top plate of the rack for 15 
holding the chromatographic columns; 

FIG. 20 illustrates a chromatographic column sealed by a 
foil member in accordance with an embodiment of the 
present invention, along with a modified embodiment of a 
pressure tip unit for use with the column; 20 

FIG. 21, comprising FIGS. 21a, 21b, 21c, illustrates a 
modified embodiment of the cap removal means with eleva- 
tion views of each end thereof and with an edge view 
thereof; 

FIG. 22 is a side view of the pressure cylinder in the 25 
pressure tip unit of FIG. 20; 

FIG. 23 is a partial front illustration with the door of the 
apparatus removed, and shows a modification of part of the 
structure depicted in FIG. 14. ^ 

FIG. 24 is a side view illustrating the modified embodi- 
ment of the cap removal means mounted on an actuating 
mechanism; and 

FIG. 25 is a front plan view of a tray that can be used 
during column regeneration. 35 

DETAILED DESCRIPTION OF THE 
INVENTION 

With reference to the drawings, FIG. 1 illustrates a ^ 
chromatographic column 10 which includes an upper end or 
cover 12 threadingly engaged onto the body portion of the 
column. The body portion of the column includes a down- 
wardly and inwardly tapering reservoir portion 14 commu- 
nicating with a barrel portion 16, which barrel portion 45 
contains a chromatographic medium, such as affinity resin 
particles, cellulose, ion exchange resin particles, etc. The 
tower end of the barrel portion 16 tapers downwardly to a tip 
portion 18 which is covered by a removable cap 20. The 
column 10 as described and illustrated, including a thread- 5Q 
able cover 12 (threads 13 are shown in FIG. 4), is conven- 
tional. 

During liquid chromatography, it has been conventional, 
prior to the present invention, for the eluates to be dis- 
charged into a series of cuvettes or a series of test tubes. 55 
When test tubes are used, the contents may subsequently be 
transferred into cuvettes, depending on the equipment 
employed. The body of a test tube tends to interfere with the 
optica] density reading, and a cuvette, with its generally flat 
walls, avoids this problem. However, prior to the present go 
invention, each of the eluates from a chromatographic 
process have been collected in discrete cuvettes leading to 
the risk of errors in the processing of the individual cuvettes. 

The present invention provides an improved cuvette 
means 24 which provides for the collection of all of the 65 
eluates from a single column within separate cells of a single 
cuvette means. With reference to FIG. 2, the cuvette means 



24 is a generally rectangular container having opposed, 
parallel, spaced-apart side walls 26, 28, and opposed, 
spaced-apart parallel end walls 30, 32 oriented perpendicu- 
lar to the side walls. The side walls and end walls of the 
cuvette means are mounted on a base 34, and the side walls 
and end walls, together with the base, define a rectangular 
container which is open at the top and closed at the bottom. 

By way of example, but not by way of limitation, the 
cuvette means may include four separate cells. Three interior 
walls 36a, b t c extend between the side walls 26, 28, with the 
interior walls being generally parallel to the end walls 30, 
32. The cuvette means thus defines four discrete cells 38 a, 
b, c, d, respectively. Each cell is defined by the base 34, the 
side walls 26, 28, and two additional walls. In the case of cell 
3&j, the two additional walls are walls 30 and 36c; for cell 
386, the two additional walls are walls 36a and 36£>. The two 
additional walls which define cell 38c are interior walls 36b 
and 36c. The two additional walls which define cell 38J are 
walls 36c and 32. It should be noted that cells 38 o, b, c are 
of generally equal size and are substantially smaller than cell 
38J for reasons which will be hereinafter explained. 

Referring to FIGS. 3, a rack 42 is provided for supporting 
an array of columns. The rack includes upper and lower 
plates 44, 46, respectively, supported and maintained in 
spaced-apart relationship by a plurality of cylindrical rods 
48. In the present embodiment of the invention, the upper 
and lower plates support 50 columns 10 in a 5x10 array. The 
upper plate 44 is provided with a series of circular apertures 
50 of a size and shape to receive the barrel 16 of the column 
10. Adjacent each circular aperture is a rectangular aperture 
52 to accommodate the automatic column cap removal 
means which will hereafter be explained an to provide 
access to the cuvettes beneath rack 42. The lower plate 46 
includes a plurality of apertures 54 which are generally 
rectangular in configuration. Each generally rectangular 
aperture 54 includes opposed short walls, a first longer wall 
interconnecting the short walls, and a second wall 58 
opposed form the longitudinal wall 56, which second wall 
includes a cutout portion that is generally configured as 
three-quarters of a circle. The diameter of the cutout portion 
is configured to support the lower end of the barrel 16 of the 
column, and is aligned under the circular aperture 50 in the 
upper plate. The longitudinal wall 56 is a bearing surface for 
the automatic cap removal. In FIG. 3, only a single set of 
apertures in plate 44 is illustrated although 50 such sets, in 
a 5x10 array are contemplated. Similarly, only a single 
aperture 54 is illustrated in plate 46 although a 5x10 array 
is contemplated. The rack is positioned at a first station in the 
apparatus of the present invention. The apertures 54 permit 
access to the cuvettes under rack 42. 

After the chromatographic columns are loaded into the 
rack and placed in position at the first station in the apparatus 
of the present invention, means arc provided for automati- 
cally removing the cap 20 from the lower end of each 
column. FIG. 4 illustrates two positions of the cap removal 
means, an intermediate position illustrated by dashed lines 
and an active position illustrated by solid lines. It will be 
apparent that upper plate 44 has been omitted from the 
drawing in FIG. 4. The automatic cap removal means 60 is 
an elongated, thin, stainless steel spring strip extending 
generally vertically (or, more exactly, at 5.5° angle from the 
vertical) through the rectangular portions of the apertures 52, 
54 in the upper and lower plates of the rack 42. As also 
illustrated in FIG. 5, the elongated, thin, steel spring 
includes a fork portion 64 at the lower end, an apertured 
upper end 66 for attachment to an actuating mechanism 139, 
and a series of intermediate portions 68 and 70 therebe- 
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tween, one of which intermediate portions bears against the 
bearing surface wall 56 as the cap removal means is moved 
vertically downward within the rack 42. The cap removal 
means is attached to actuating mechanism 139 by screws 
(not shown) extending through the apertures in end 66. As 
the actuating mechanism moves the spring 60 vertically 
downward, from a rest position above the column and past 
the intermediate position shown in dotted lines, the spring 60 
engages the longitudinal wall 56 in the lower plate 46. The 
continued downward movement of the spring against the 
bearing surface 56 urges the fork means toward the left to the 
active position illustrated in solid lines in FIG. 4, and the tip 
18 of the column is engaged between the fork tines. After 
portion 70 reaches bearing surface 56, the continued down- 
ward movement of the spring forces the cap 20 downwardly 
until the cap is free of the column. The cap will, in practice, 
be retained in the first cell 38a of the cuvette means. 
Thereafter, the cap removal means is withdrawn vertically 
upwardly. 

Means are provided for automating the column chroma- 
tography processing including such steps as applying 
hemolysate to the sample, agitating the column, running a 
buffer through the column, thereafter adding the sample to 
the column, adding the reagent to the column, etc. In general 
terms, this automatic technique is part of the' prior art. 
However, the present invention includes certain features 
which are not found in the prior art. One of the these features 
is the provision of constant, low pressure for the chromato- 
graphic columns which are being processed. The pressure 
system will now be explained. 

Referring to FIGS. 6 and 7, the pressure system includes 
a compressor 80 for providing constant air pressure to an 
input port 81 of a regulator 82. The regulator 82 also 
includes an output port 83. 

The regulator 82 includes two pressure relief bores 84, 
each of which is generally T-shaped in cross section, and air 
from the compressor 80 flows through the input port 81, 
through the main conduit 86 and through the output port 83 
of the regulator. The two relief bores 84 are provided to 
permit operation of the regulator at two different constant 40 
pressures. For this purpose, each relief bore is provided with 
a projectile shape plunger 88, the plunger in one relief bore 
being of a different weight than the plunger in the other relief 
bore. In addition, each relief bore 84 may be selectively 
closed at the exterior surface thereof such that only one relief 45 
bore will be in use at any given time. FIG. 7 illustrates the 
orientation of the regulator 82 when it is mounted on a 
chassis 85 during use. It will be noted that relief bores 84 are . 
positioned at an angle relative to the vertical axis. In 
operation, with the plungers mounted within the respective 
relief bores and with one of the relief bores open and the 
other closed, if the air pressure through the conduit exceeds 
a threshold as determined by the weight of the plunger 
associated with the open relief bore, the air will move the 
respective plunger upward opening a fluid flow path through 
the relief bore thus providing for a bleed of air pressure. 
When sufficient air pressure bleeds out through the relief 
bore, the plunger drops back to seal the relief bore from the 
main conduit Selector valves (not illustrated) permit pres- 
sure relief bores 82 to be selectively sealed from main 
conduit 86. Positioning the plungers in bores 84 at an angle 
to the vertical facilitates movement of the plungers. 

According to the principles of the present invention, a low 
but constant air pressure should be maintained at the output 
port 83. The pressure that is selected should be high enough 
to increase the flow rate through the chromatographic col- 
umns but not high enough to compress the resin beds of the 
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columns or to allow the fluid in the beds to be expelled. The 
optimum pressure will depend on the properties of the 
columns and the resin matrixes therein. For example, a 
pressure of about three inches of water has been found to be 
appropriate for columns with a cellulose resin available from 
Whatman Incorporated, while a pressure of about eight 
inches of water has been found to be appropriate for columns 
with "Emberlite" CG50 resin, available from Rohm & Haas. 
The weights of the two plungers may be selected such that 
one plunger is sufficiently light so as to permit a constant air 
pressure equivalent to three inches of water (for example), 
and the second plunger is slightly heavier, thus permitting a 
constant air flow pressure at eight inches of water (for 
example). It should be further appreciated that the low 
pressure employed is not limited to the range of three-eight 
inches of water, which is merely illustrative. Less than three 
inches or more than eight inches may be utilized as the 
constant low pressure, depending on the particular chro- 
matographic columns that are used, while achieving the 
objective of the present invention. 

Experience has shown that regulator 82 can be simplified 
if a quality piston compressor is used for compressor 80. 
Screw-adjustable needle valves (not shown) can then be 
used in lieu of plungers 88 to provide air at a fairly constant 
low pressure to the columns: 

Referring next to FIG. 8, it should be remembered that the 
columns are provided in an array, heretofore described as a 
5x10 array, namely, 10 chromatographic columns in each of 
5 rows. The output from the pressure regulator 82 is coupled 
through tubes 93 (see FIG. 17) to each of five manifolds 94, 
each associated with one row. Each manifold 94 is con- 
nected to a pressure tip system of the present invention for 
providing the desired pressure to each of the chromato- 
graphic columns while, at the same time, preventing leakage 
of air if less than a full array of columns is being processed . 
by the system. The pressure tip system, as illustrated in FIG. 
8 in the absence of a chromatographic column, includes an 
upper block or manifold 94 having a conduit 96 there- 
through in fluid communication through tube 93 with the 
output 83 of the pressure regulator. Mounted partially within 
the block 94 is an elongated pressure cylinder 98, of 
generally circular cross section, having three reduced diam- 
eter circumferential recesses machined therein. Specifically, 
cylinder 98 has an upper grove or recess 100 machined 
therein, the upper groove positioned inwardly of a flange 
102. An O-ring seal 104 is positioned within the groove 100. 
A second groove 106 is provided intermediate the two ends 
of the cylinder 98, and an O-ring 108 is positioned in the 
second groove 106. A third groove 110 is provided in the 
cylinder adjacent the second end and is spaced inwardly 
therefrom such that a lower flange 112 is provided at the 
second end of the cylinder 98, and a flexible, foam gasket 
114 is provided and mounted in the groove 110, the foam 
gasket 114 being retained by the flange 112. The cylinder 98 
has a longitudinal bore 116 extending through the flange 112 
and through the body of the cylinder, the bore 116 extending 
along the longitudinal center line of the cylinder of the upper 
groove 100. A transverse bore 118 is provided generally 
perpendicular to the longitudinal bore 116 and intersecting 
the longitudinal bore 116 at the end thereof inwardly of the 
upper groove 100. The longitudinal bore 118 is in fluid 
communication with a circular passageway 120 which is 
provided within the block 94. 

In the absence of a chromatographic column, the pressure 
tip system is positioned as illustrated in FIG. 8 such that the 
weight of the pressure tip system pulls the cylinder vertically 
downwardly causing the O-ring 104 to seal the top of the 
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passageway 120 from the conduit 96, thus preventing the air 
flow from entering the vertical passageway 120. A spring 
(not illustrated) can also be used above flange 102 to urge 
pressure cylinder 98 downward. Thus, O-ring 104 functions 
both as a seal and also as a retainer which engages the flange 5 
102 and prevents the cylinder mechanism 98 from dropping 
downwardly out of the passageway 120 of the block 94. 

During the operation of the system of the present inven- 
tion, the entire pressure system is movable such that cuvettes 
may be placed in the chassis, and chromatographic columns 10 
may be placed in frame 42 within the chassis. Thereafter, the 
pressure system is moved into position relative to the 
chromatographic columns and lowered into position such 
that for each chromatographic column mounted in the rack 
42, the top end of the column 10 engages the underside of 
the foam gasket 114 and pushes upward on the foam gasket 15 
such that the foam gasket, while still mounted in the groove 
110, moves the cylinder 98 upwardly until the O-ring 108 
seals the vertical passageway 120 at the bottom of the block 
94. This is illustrated in FIG. 9. Simultaneously pressure 
between the top of the column 10 and the underside of the 20 
foam gasket 114 provides an air-tight seal at the top of the 
column. Lastly, the vertical upward movement of the cyl- 
inder 98 moves the upper O-ring 104 clear of the top of the 
passageway 120. Thus, air pressure through the conduit 96, 
which is in communication with the output port 83 of the 25 
pressure regulator 82, flows through the conduit 96 (for each 
pressure tip unit), downwardly through the passageway 120 
and through the horizontal bore 118 and the vertical bore 116 
and thereafter into the top of the chromatography column. A 
pressure system such as illustrated in FIGS. 8 and 9 is 30 
associated with each location in the array of columns. 

Thus, it may be appreciated that if a full array of columns 
is being processed, each column presses upwardly on its 
respective foam gasket 114 to permit air pressure to flow into 35 
the top of the chromatographic column whereas in each 
position within the array, which is characterized by the 
absence of a chromatographic column, the pressure system 
remains in the position of FIG. 8, and no air enters the 
cylinder 98 associated therewith. 

Referring next to FIG. 10, a perspective illustration of the 
apparatus of the present invention is illustrated. The appa- 
ratus of the present invention includes a chassis or frame 
130. The frame or rack 42 for the chromatographic columns 
is mounted within a housing 132 to the frame. FIG. 10 also 45 
illustrates the five manifolds 94 positioned above the rack 
42, the five manifolds or blocks extending from the front to 
the rear of the housing 132. The cuvettes are positioned 
below the housing 132 as will be described hereinafter. At its 
right side, with respect to FIG: 10, the apparatus includes a 50 
control housing 133 with a control panel 13S. Although not 
shown, a printer is disposed in control housing 133 to print 
out test results, and a sample rack is mounted on the front 
wall of housing 132 to hold small cups containing specimens 
that are to be transferred to the chromatographic columns. 55 

Above the housing 132, a horizontal support block 134 is 
mounted for movement laterally, i.e., in the "X" direction. 
Thus, the block 134 moves left and right Mounted within 
the block are three discharge needles 136, 137, and 138, 
along with actuating mechanism 139 (see FIG. 17). The 60 
needles and actuating mechanism move as a group in the 
**Y" direction, i.e., forwardly and rearwardly of the block 
134. They also move in "Z" or vertical direction. Syringe 
pumps 137 are mounted on housing 133 and connected via 
tubing, not illustrated in FIG. 10, to two of the needles. The 65 
syringe pumps transfer the samples and various fluids 
known in the art to the chromatographic columns. A tray 142 
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for supporting the cuvettes is slidably mounted under the 
housing 132 (see FIG. 11). 

FIG. 11 illustrates, in perspective, the tray 142 for the 
cuvettes, the tray including a generally flat surface or floor 
144 upon which the cuvettes are placed, the floor being 
provided with guide rails 146 on three sides thereof. A 
handle 148 is provided on the tray for movement of the tray 
of cuvettes into and out of the apparatus of the present 
invention. The tray of cuvettes has been removed from FIG. 
10 for the purposes of clarity and ease of illustration. 

Experience has shown that technicians who place the 
cuvettes 24 on tray 142 may occasionally, through careless- 
ness, set the base 34 (see FIG. 2) of one cuvette on top to the 
base 34 of another cuvette near its edge, thus tilting the 
cuvette. Although not shown, this problem can be eliminated 
by attaching wedge-shaped spacers at the centers of the side 
walls 26 and 28 of the cuvettes and by altering the end walls 
30 and 32 so that they have wedge-shaped cross-sections, 
which, in effect, provides spacers at the ends. 

FIG. 12 illustrates, in perspective form, a rear view 
portion of the apparatus of the present invention, including 
the movable pressure tip system for engagement with the 
chromatographic columns. In FIG. 12, three of the mani- 
folds of blocks 94 are visible, as is the upper plate 44 of the 
rack 42 with two chromatographic columns 10 in place, one 
in each of two rows. At the upper right-hand corner of FIG. 
12, part of an L-shaped link 152 (also see FIGS. 15 and 16) 
is visible. It is pivotably connected to a leg 150 which is 
attached to the manifolds 94. Four such legs 150 are 
provided to support the manifolds, and each is pivotably 
connected to a respective link 152. When the system is in the 
position illustrated in FIG. 12, the links 152 are disposed in 
an upright position and the manifolds 94 are in their raised 
positions, offset from the columns 10. In this raised and 
offset position, the needles 136, 137, 138 can access the tops 
of each of the chromatographic columns so that resuspen- 
sion, separation, regeneration, or other fluids may be intro- 
duced therein or so that resuspension or other operations can 
be conducted. 

FIG. 13 is a perspective illustration similar to FIG. 12 
except that the links 152 have been rotated and the manifolds 
are now in their lowered position. When the links 152 are 
rotated from their upright positions, there is a downward 
swinging movement of the manifolds 94 such that the 
manifolds 94 move above the columns 10 and the pressure 
tip system of FIGS. 8 and 9 makes contact with the tops of 
the columns. 

FIG. 14 illustrates an enlarged, partial front elevation 
view of the apparatus of the present invention with the door 
153 of control housing 133 (FIG. 10) open. In this position, 
a first group of mixing needles 154 is illustrated. There are 
four such needles, which can be associated with any cell of 
a cuvette. After chromatographic separation, the cuvette is 
moved to the right in FIG. 14 by a stepping motor and is held 
in position underneath the needles 154 such that the fluid 
within each cell may be thoroughly mixed. The cuvette is 
then moved further to the right in FIG. 14 to be scanned by 
an optical reader 156 (see FIG. 17). After scanning by the 
optical reader 156, the cuvette advances further to the right 
under a second group of needles 158 which remove fluid 
from the cuvette cells. 

It was previously indicated that cuvette cell 38rf is larger 
than the other three cuvette cells. This is because in column 
chromatography, it is common to collect eluates and, in a 
separate container, dilute a second sample (e.g., of blood or 
other biological fluid) such that comparative optical density 
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readings may be taken for providing a reference standard for 
the purpose of quantifying purified fractions thereof relative 
to the standard. This technique is, of course, well known. 

FIG. IS illustrates, in diagrammatic form, linkage and a 
motor 160 for moving the manifold system to the raised 5 
position, in which the manifold system is retracted relative 
to the tops of the individual chromatographic columns such 
that , reagents, and samples and the like may be introduced 
therein. As will be apparent, the L-shaped links 152 are in 
their upright position in FIG. 15. 10 

FIG. 16 illustrates, diagrammatically, the linkage and 
motor system of FIG. 15 in the engaged position, illustrating 
the 90° rotation of the aforementioned links 152. It should 
be noted that while FIGS. 12 and 13 provide a rear perspec- 
tive illustration, FIGS. 15 and 16 provide a front elevation 15 
diagrammatic illustration. 

Referring next to FIG. 17, an overall system illustration of 
the present invention will now be described. The rack 42 is 
attached to a frame 131 that is movably mounted within 20 
housing 132. A motor 133 is provided to shift frame 131 and 
thus rack 42 laterally so that each column can be positioned 
above different cells. Furthermore, block 134 is illustrated as 
mounted to a stepping motor system 162 which moves the 
block 134 laterally through a drive belt 164. The columns are ^ 
processed from right to left and from front to back as 
illustrated in FIG. 17. The cuvettes are processed from left 
to right and from back to front. To accomplish this, a bar or 
fence 166 extends across the width of the housing 132, 
underneath the housing but above the tray 142, and both 30 
ends of the bar are connected to a drive mechanism 168. 
Advancing the drive mechanism 168 moves the bar 166 
forwardly such that five cuvettes 24, one from each row, 
move forwardly clear of the tray 142 and onto a drive 
mechanism 170. Drive mechanism 170 incudes a pusher 35 
block 172 which advances the cuvettes sequentially under- 
neath the mixer needles 154, through the optical reader 156, 
and thereafter underneath the evacuator needles 158, which 
are connected through a pump to a waste evacuation system. 
After the five cuvettes are processed, the mixer needles 154 ^ 
are cleaned in a wash tray 155 and the evacuator needles 158 
are cleaned in a similar wash tray 157 (not shown in FIG. 
10). Drive system 168 advances the bar 166 forward, yet 
another step, such that the next row of five cuvettes may be 
deposited onto the drive belt 170 and processed sequentially. 45 
FIG. 17 also illustrates a cuvette 24a dropping off the drive 
mechanism after the completion of mixing, reading and 
evacuation. 

After the last cuvette has been processed and removed 
from the apparatus, the technician attending the apparatus 50 
may remove all of the chromatographic columns 10 from the 
rack 44 and replace them with new ones in preparation for 
the next cycle of tests. However, economic circumstances 
may make it preferable to regenerate the columns 10 that 
have just been used instead. As is known in the art, during 55 
regeneration the columns are exposed to chemicals which 
restore the chromatographic medium in the columns 10 to its 
original conditioa The column analyzer system is config- 
ured to permit regeneration without removing the columns 
10 from the rack 42 if the columns are being regenerated for $q 
immediate re-use. Three regeneration techniques are par- 
ticularly suitable. 

In the first regeneration technique, the technician reloads 
tray 142 (FIG. 11) with cuvettes 24, and then reinserts the 
tray 142 in the opening 282 (see FIG. 10) beneath housing 65 
132. The needles are then used to transfer a diluted acid to 
each of the columns 10, followed by water. After the acid . 
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and water drip into the cuvettes 24 beneath the columns, 
perhaps hastened by applying a low pressure to the columns 
in the manner previously discussed, the tray 142 is removed 
and the cuvettes are emptied into a waste receptacle. Fresh 
cuvettes that will be employed during the next testing run are 
loaded onto tray 142, which is then inserted into opening 
282 before the next testing run is begun. 

As an example, assume that the columns 10 have an 
affinity-type chromatographic media and have just been used 
during tests in which the specimens were blood. In this 
situation the chromatographic medium in the columns is 
contaminated with sorbitol, a type of sugar, which must be 
removed to restore the medium. The sorbitol can be stripped 
away using five milliliters of a 0.1 molar concentration of 
hydrochloric acid, followed by 5 milliliters of water to flush 
out the acid. Hydrochloric acid is recommended, although 
other acids such as sulfuric acid, nitrite acid, or acetic acid 
may be used. The molar concentration of the acid may range 
from about 0.5 to about 0.05, with 0.1 being recommended. 
Enough of the acid solution must be used in each column to 
remove the greatest possible deposit of sorbitol that might be 
encountered, and this must be followed by enough water to 
flush out the greatest acid residue that might remain. 

The tray 142 is not used in the second of the regeneration 
techniques mentioned above. Instead, after tray 142 has been 
removed a modified tray 159 (see FIG. 25) is inserted into 
opening 282 to collect the dilute acid and water which drips 
through the columns. Tray 159 is open at its top, and 
includes four walls 161 and a bottom 163. A pipe 165 is 
connected to bottom 163 at a drain opening (not illustrated) 
in bottom 163. Bottom 163 is shaped to slope slightly toward 
the drain opening. Rails 165 are attached to the two walls 
161 at the sides of tray 159. The rails 165 slide on corre- 
sponding rails (not shown) in the chromatographic apparatus 
when tray 159 is inserted into opening 182. At the comers 
between wall 161, tray 159 is sealed with a silicon-based 
sealant Although not shown, pipe 165 is connected by 
tubing to a waste receptacle. After the regeneration proce- 
dure the dilute acid and water in the waste receptacle is 
emptied, and the modified tray is withdrawn from opening 
282. A tray 142 of cuvettes can then be inserted to begin a 
new testing run. 

In the third regeneration technique mentioned above, a 
tray (not illustrated) corresponding to tray 159 is perma- 
nently mounted in the chromatographic apparatus, at a 
position below tray 142. Hie acid solution and water can 
then drip into it when tray 142 is removed. 

The above-noted regeneration techniques may be used 
even if the chromatographic columns 10 are to be removed 
from the system for use at a later date. In this case, after the 
regeneration procedure the attendant removes the columns 
10 from rack 42, installs caps 20, pours in a preservative 
solution, and then applies caps 1Z 

It should be further appreciated that as part of the present 
invention, stepping motor 176 (illustrated diagrammatically 
in FIG. 17) is provided for driving a cam arrangement such 
that, at the completion of the chromatographic separation 
step, rotation of the motor causes raising and lowering the 
rack 42. This movement causes any drops at the bottom of 
the tips of the chromatographic columns 10 to drop into the 
respective cells of the cuvettes 24. This drop removal feature 
will be described in more detail with reference to FIGS. 18 
and 19. 

A top view of drop removal mechanism 200 by itself is 
shown in FIG. 18, and FIG. 19 illustrates a front view of 
mechanism 200 in its operative position beneath top plate 44 
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of rack 42. Mechanism 200 includes a pair of rods 202 which 
are journal ed for rotation beneath plate 44. Rods 202 extend 
parallel to manifolds 94 (see FIG. 10). Rectangular plastic 
blocks 204 are attached in an eccentric manner to the rods 
202. A block 204 is positioned adjacent each comer of plate 5 
44. Crank members 206 are also attached to bars 202, 
preferably at a position behind plate 44. Each end of a link 
208 is pivotably attached to a crank member 206. Link 208 
and crank members 206 cause rods 202 to rotate in unison. 
Drop removal mechanism 200 also includes a pin 210 10 
affixed to one of the rods 202. Pin 210 is positioned for 
engagement by a cam 212 which is rotated by stepping 
motor 176. 

Rack 42 normally rests on a support (not illustrated) but 
is mounted so that it can slide upward slightly from the is 
support When cam 212 undergoes a clockwise revolution 
(with respect to FIG. 19), it encounters pin 210 and causes 
rods 202 to rotate by about 90° before cam 212 separates 
from pin 210. During this 90° rotation, blocks 204 urge plate 
44 and thus rack 42 upward about an eighth of an inch above 20 
the support Rack 42 drops back to the support when cam 
212 disengages from pin 210. The resulting jar is sufficient 
to jiggle loose any drops suspended at the end of the 
columns 10 supported by the rack 42. 

Those skilled in the art will recognize that drop removal 25 
mechanism 200 improves the accuracy of the measurements 
made by the automatic column chromatography machine. 
During use of the machine fluids are introduced to each 
column 10 in a sequence, and the eluates from the column 
are collected in different cells of the cuvette means 24 (FIG. 30 
2). Accuracy would suffer if even a small amount eluate 
intended for one cell were to contaminate the eluate col- 
lected in an adjacent cell. Accordingly, motor cell 176 is 
actuated to rotate cam 212 by a revolution after each solution 
has been introduced to the column 10, and before the column 35 
is advanced to the next position over an adjacent cell. The 
result is that the last drop falls into the cell intended instead 
of the adjacent cell. 

The three needles 136, 137, and 138 and the actuating 
mechanism 139, illustrated in FIG. 10 and in FIG. 17, each 40 
move in the 4i Z" direction under influence of motors. The 
needles 136, 137, and 138 provide for mixing or agitation of 
the resin in the columns as well as providing conduits for the 
addition of reagents and/or samples into the columns. In 
addition, vertical movement of actuating mechanism 139 45 
(also see FIG. 4) provides for removal of the caps from the 
columns. Actuating mechanism 139 functions to move 
spring 60 downwardly. 

Reference should also be had to the bellows-motor 180 
illustrated in FIG. 17 wherein four bellow systems are 
shown, each associated with one of the needles 154 and each 
attached to a motor 182. Motor 182 rotates, and an internal 
threaded nut system converts the rotation motion of the 
motor 182 into linear motion of the bellows 180 which, in 5J 
turn, moves the fluid in the needles 154 vertically for mixing 
the liquid in the cuvette cells prior to the liquid passing 
through the optical reader 156. 

The bellows-motor arrangement illustrated with respect to 
the needles or mixer unit 154 may be replicated for move- go 
ment of the needles 136-139 as they provide controlled, 
bi-directional movement in small increments. 

FIG. 20 illustrates an alternate embodiment for the pres- 
sure tip units, and a modified chromatographic column with 
which it is used. The arrangement shown in FIG. 20 avoids 65 
the need to manually unscrew covers 12 (FIG. 1) when the 
columns are loaded into the rack 42. 
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In FIG. 20, an improved chromatographic column 214 in 
accordance with the present invention includes a polypro- 
pylene shell which defines a reservoir portion 216, a barrel 
portion 218 (shown broken away to reduce its length in the 
drawing), and a tip portion 220. A fluid-pervious disk 222 
lodged inside the shell supports a chromatographic medium 
224 within barrel portion 218. The medium may be, for 
example, ion exchange resin particles, affinity resin par- 
ticles, size-exclusion resins, or matrix-type media such as 
cellulose, agarose, or silica gel. A removable cap 226 closes 
the lower end of tip portion 216. 

A foil seal member 228 closes the top end of reservoir 
portion 216. During fabrication of column 214, seal member 
228 is fused to the shell using heat (alternatively, adhesive 
bonding or ultrasonic bonding can be employed). Member 
228 includes an adhesion layer 230 of polyethylene which 
readily fuses with the plastic of the shell. Polypropylene 
could also be used in layer 230. Layer 230 is bonded to an 
intermediate layer 232, such as polypropylene. Polyethylene 
could also be used in layer 232. An aluminum layer 234 is 
bonded to 232. Layer 232 serves as a moisture barrier. The 
thickness of layers 230-234 is exaggerated in FIG. 20 for 
ease of illustration. Layers 230 and 232 are preferably a 
thousandth or so of an inch thick each. Layer 234 is less than 
about three thousandths of an inch thick, and preferably 
about one to two thousandths of an inch thick. 

The pressure tip unit that cooperates with column 214 
includes a pressure cylinder 236 having three reduced diam- 
eter circumferential recesses machined therein. Cylinder 236 
extends movably through a bore in manifold 94. O-rings 104 
and 108 are lodged in two of the recesses, and a foam gasket 
114 is lodged in the third. An axial bore 238 communicates 
with a bore 240 across the diameter of cylinder 236. A 
seal-punching head 242 is provided at the bottom of cylinder 
236. 

During fabrication of pressure cylinder 236, head 242 is 
initially machined to be conical, with a 90° apex angle (that 
is, the surface has a 45° angle with respect to the longitu- 
dinal axis of cylinder 236). Then one side of head 242 is 
ground to provide a flat region 244. This leaves a cutting 
edge 246 (see FIG. 22) along one rim of the bottom opening 
of bore 238. 

During operation up to 50 columns 214 are first loaded 
into the rack 42. Then motor 160 (FIG. 15) is actuated to 
move links 152 to the horizontal position as shown in FIG. 
16 and thereby lower the manifolds 94. The cutting edges 
246 of the pressure cylinders 236 pierce the aluminum layers 
234 of the seal members 228, and the continued downward 
movement of the heads 242 ruptures the seal members 228. 
Motor 160 is then actuated again to move links 152 to their 
vertical positions as shown in FIG. 15. Fluids can then be 
added through the punctured seal members 228 before the 
manifolds 94 are lowered again to apply pressure to the 
columns in the manner previously discussed. The aluminum 
layer 230, being relatively thick, not only provides a secure 
closure during transportation and handling of the columns 
214, it also prevents the ruptured seal member 228 from 
springing back after the pressure cylinder 236 has been 
withdrawn. That is, the aluminum remains permanently 
deformed and prevents the hole formed by head 242 from 
closing up. 

Pressure cylinder 236 can of course replace pressure 
cylinder 98. An axial blind bore (not shown) can be drilled 
from the top to hold a spring (not shown) as an aid to closing 
pressure cylinder 98. 

FIGS. 21A-21C illustrate a cap removal means 248 that 
can be used in lieu of the cap removal means 60 shown in 
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FIGS. 4 and 5A-2C. Cap removal means 248 includes a fork 
portion 250, intermediate portions 252. 254, 256, and 258, 
and an end portion 260. Cap removal means 248 is made 
from a stainless steel strip and cooperates with bearing 
surface 256 (FIGS. 3 and 4) in the manner previously 5 
discussed with, respect to cap removal means 60. However, 
while cap removal means 60 is flexed slightly and acts as a 
spring during operation, cap removal means 248 is substan- 
tially inflexible. Fork portion 250 is preferably 0.34 inches 
long and has a generally v-shaped slot with a rounded 1Q 
bottom. Intermediate portion 252 is preferably 0.40 inches 
long and forms an angle of 120° with fork portion 250. 
Intermediate portion 254 is preferably 0.39 inches long and 
forms an angle of 135° with intermediate portion 252. 
Intermediate portion 256 is preferably 0.66 inches long, and 
forms an angle of 132° with intermediate portion 254. 15 
Intermediate portion 258 is preferably 0.37 inches long and 
forms an angle of 123° with intermediate portion 256. End 
portion 260 is preferably 1.16 inches and forms an angle of 
120° with intermediate portion 158. 

FIG. 24 shows cap removal means 248 attached to an 
actuating mechanism 139" having a flattened lower end 262. 
Pegs 264 are attached to lower end 262 and extend through 
the smaller openings in end portion 260 shown in FIG. 21C. 
A screw 266 extends through the central opening, with the 
head of screw 266 being spaced apart from the surface of cap 
removal means 248. A coil spring 268 is disposed around the 
shaft of screw 266 beneath the head of the screw, and 
normally biasses portion 260 against flattened lower end 
262. However, when actuating mechanism 139' is moved 
downward in the direction of arrow 270 and portion 254 
engages bearing surface 56 (see FIGS. 3 and 4) of rack 42, 
cap removal means 248 is pivoted about its upper end 272, 
and fork portion 250 swings in the direction of arrow 274 
toward the tip portion 18 (see FIGS. 1 and 4) of a column 
10. During further downward motion, portion 256 slides 
against bearing surface 56 and the cap 20 at the tip of the 
column is dislodged. When actuating mechanism 139* is 
later withdrawn, in the direction opposite arrow 270, spring 
268 urges cap removal means 248 back to its original 
position with respect to actuating mechanism 139*. It will be 
apparent that pegs 264 serve to keep cap removal means 248 
aligned, and that pegs 264 are not affixed to cap removal 
means 248 but are, instead, slightly movable with respect to 
it 

45 

Spring 268 is shaped like a truncated cone, when seen 
from the side. Because of this, spring 268 can be flattened so 
that its coils are nested inside one another. Thus spring 268 
can undergo considerably more compression than could a 
cylindrical spring. Spring 268 is preferably made of stainless 5Q 
steel, with a copper coating to prevent the stainless steel 
from gauling. 

In FIG. 24, actuating mechanism 139' is shown with a 
rack of teeth 276 for engagement with a gear (not shown) 
rotated by a motor (not shown) in support block 134 (see 55 
FIGS. 10 and 17) to raise or lower actuating mechanism 
139'. Actuating mechanism 139 (see FIG, 4) may similarly 
be provided with a rack of teeth. 

FIG. 23 shows a modification of FIG. 14 which avoids the 
need for the bellows 180 and motors 182 shown in FIG. 17. 60 
In FIG. 23, a plate 262 is mounted on a wall 263 so as to be 
movable up and down. Wall 263 is movable forward and 
backward. A paddle assembly 264 with three paddles is 
mounted on plate 262. The paddles are lowered into cells 
386, 38<r, and 38J of cuvette 24 and then moved forward and 65 
backward to mix the contents thereof. The paddle for cell 
38J is larger than the rest since cell 38 d itself is larger than 
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the other cells. A fourth paddle is not needed since the 
content of cell 38a is not normally read- it contains the cap 
20 and a buffer solution that was drained from the column 
before use. The needles 158 for evacuating the cuvettes are 
still used. However, the flexible hoses shown leading to the 
needles 158 in FIG. 14 are diverted behind plate 276 in the 
embodiment of FIG. 23. 

The foregoing is a complete description of a preferred 
embodiment of the present invention. The invention auto- 
mates those steps normally performed by a technician in a 
manual pipetting operation, and the individual steps, per se, 
are conventional. 

Many changes and modifications may be made without 
departing from the spirit and scope of the present invention. 
The invention, therefore, should be limited only by the 
following claims. 

What is claim is: 

1. A chromatographic column, comprising: 

a hollow plastic shell having a reservoir portion with an 
end, a tip portion with an end, and a barrel portion 
connected between the reservoir and tip portions; 
a chromatographic medium in the barrel portion; and 
a foil member attached to the end of the reservoir portion 
to close it, the foil member having a metal layer and at 
least one plastic layer which separates the metal layer 
from the shell. 

2. The column of claim 1, wherein the foil member 
includes a plurality of plastic layers, and wherein the metal 
layer is thicker than any of the plastic layers. 

3. The column of claim 1, wherein the foil member 
comprises a polyethylene adhesion layer which is heat-fused 
to the shell, and a polypropylene intermediate layer which is 
bonded to the adhesion layer and to the metal layer, the 
metal layer being thicker than about a thousandth of an inch. 

4. A method for conducting column chromatography, 
comprising the step of utilizing the chromatographic column 
of claim 1, and further comprising the steps of: 

(a) placing the chromatographic column in a rack; 

(b) rupturing the foil member, 

(c) introducing fluid into the column through the ruptured 
foil member, and 

(d) pressurizing the interior of the column. 

5. TTie method of claim 4, further comprising the steps of 
placing a plurality of additional chromatographic columns 
with foil members in the rack during step (a); rupturing the 
foil members of at least one additional column during step 
(b); introducing fluid into at least one additional column 
during step (c); and pressurizing the interior of at least one 
additional column during step (d). " 

6. The method of claim 4, further comprising the steps of 
collecting eluate from the column in a cuvette while step (d) 
is conducted, moving the cuvette to a measurement station 
after the eluate is collected, and sensing at least one property 
of the eluate at the measurement station. 

7. The method of claim 4, wherein a pressure cylinder has 
a bore, a conical portion that extends to the bore, a flat 
portion that extends to the bore, and a cutting edge adjacent 
the bore; and wherein step (b) comprises rupturing the foil 
member with the cutting edge of the protruding head. 

8. A pressure. cylinder for use in the method of claim 4. 

9. The method of claim 4, further comprising the steps of 
collecting eluate from the column in a cuvette while step (d) 
is conducted, the cuvette comprising at least two cells for 
discrete retention of liquid therein. 

10. The method of claim 9, wherein the cuvette includes 
at least three cells for discrete retention of liquid therein. 
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11. A method for conducting column chromatography, 
comprising the steps of utilizing the chromatographic col- 
umn of claim 1, wherein the tip portion is provided with a 
removable cap, and further comprising the steps of: 

(a) positioning the chromatographic column in a support; 5 

(b) lowering a decapper member into engagement with 
the tip portion to remove the cap from the tip portion of 
the column, 

12. The method of claim 11, further comprising the steps 

of receiving the cap in a first cell of a cuvette during step (b), 10 
and creating relative movement between the column and the 
cuvette so that a second cell of the cuvette collects eluate 
during chromatography. 

13. The method of claim 12, further comprising the step 

of sensing at least one property of the eluate in the second 15 
cell. 

14. The method of claim 13, further comprising agitating 
the eluate in the second cell before the sensing step is 
conducted. 

15. The method of claim 11, wherein the column has 20 
longitudinal axis that is vertically disposed when the column 

is mounted in the support, wherein the decapper member has 
a plurality of segments, at least one of which slopes with 
respect to the longitudinal axis of the column, and wherein 
the decapper member is deflected during step (b). 25 

16. The method of claim 15 wherein the decapper member 
is a spring element which is flexed during engagement with 
the tip portion. 

17. The method of claim 15, wherein the decapper mem- 
ber is a rigid element which is biassed by a spring which is 30 
flexed during engagement with the tip portion. 

18. A decapper member for use in the method of claim 15. 
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19. A method for conducting column chromatography, 
which comprises the step of utilizing the chromatographic 
column of claim 1, and further comprising the steps of: 

(a) mounting the chromatographic column in a support, 
with the up portion being directed generally downward; 

(b) introducing a first fluid into the column and collecting 
a first eluate in a first receptacle that is disposed below 
the tip portion; 

(c) when step (b) is substantially complete, moving the 
support so as to jar loose any remaining drop of the first 
eluate; 

(d) moving the column above a second receptacle; and 

(e) introducing a second fluid into the column and col- 
lecting a second eluate in the second receptacle. 

20. The method of claim 19, wherein step (c) is conducted 
by raising the support by less than an inch and then dropping 
it, 

21. The method of claim 19, wherein the support includes 
a horizontal plate, and wherein step (c) includes lifting said 
plate. 

22. The method of claim 19, wherein the support includes 
at least one rod, and wherein step (c) includes twisting at 
least one rod for lifting said plate. 

23. The method of claim 19, further comprising the step 
of moving at least one receptacle to a measuring station, and 
measuring at least one property of one eluate at the mea- 
suring station. 

24. The method of claim 23, further comprising the step 
of simultaneously mixing the first and second eluates with 
paddles before the measuring step is conducted. 

* * * * * 
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